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PREFACE. 

In the second edition of this volume the chapter on Mili- 
tary Surveys and reconnaissance has been omitted in favour 
of a chapter on Hydro-Electric Surveys. Other chapters have 
been brought up to date and revised where necessary. 

Roorkee : C. J. VEALE, f.r.a.s., f.r.g.s. 

October 1926. ) Professor of Surveying and Drawing. 




CHAPTEB.f. 


TRIGONOMETRICAL SURVEYING or TRIANGULATION. 

1. Triangulation.* — The basis of an accurate survey must neces-- 

sarily be an extended system of Triangulation^ the preliminary step in 
which is the careful measurement of a base line on some level plain. At 
each extremity of this base, the angles are observed between" several 
surrounding objects previously fixed upon as Trigonometrical Stations, 
and also those subtended at each of these points by the base itself. 
The distances of these stations from the end of the base line and from 
each other are then calculated, and laid down upon paper, forming so 
many fresh bases from whence other trigonometrical points are deter- 
mined, until the entire tract of country to be surveyed is covered over 
with a net-work of triangles, of as large a size as is proportional to 
the contemplated extent of the Survey, and the quality and power *01 the 
instruments ^employed. The interior detail between these points is 
filled up either by measurement with the chain and theodolite, chain 
and prismatic compass, or by the plane-table method given in Chapter 
VI., Part 1. . 

For the description of a regular Trigonometrical Survey of a country 
the reader must refer to larger works. What will be described here is sub^i^ 
a survey as might be made with a 5-inch theodolite, if the surveyor had 
some few square miles of country to survey accurately. 

The following general description of the process will be clearer by 
reference to Plate I. The calculations, it will be seen as the explanation 
goes on, though simple enough, are somewhat confusing, and it is 
necessary they should be made regularly in proper form,t both to 
ensure accuracy in the first instance and to allow . of their being 
checked afterwards by another calculator. 

2. Base Line* — In fixing upon an appropriate site for the mea- 
surement of a base^;jjine, a level piftce of ground should obviously be 
selected, where both ends of the base would be visible from the nearest 
trigonometrical points. It should alsd be as near the centre of the 
survey as possible, but this is not absolutely necessary. For a survey 

• Oliaptcr m,, Parti. I of this Manual should be consulted concerning the Theodolite* 
t With the Surveyor-Oeneral’s permission Surrey of India Forms hare been used r^here they suit the iaie^ 
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of the extent above mentioned, it should be about 2,000 feet long, and the 
dides of the triangles may be increased to a mile or more. Thus, in 
the skeleton plot, see Plate I., AB was selected as the base line. 

Measuring the Base line . — This operation, being the basis of the 
survey, must be performed with as great exactness as the instruments 
available will allow. For this reason the slope of the ground should be 
measured in order to reduce the surface measurement to its horizontal 
equivalent, and if there are changes of slope, the points at which these 
changes occur should be noted and the different slopes recorded as shown 
in Form A. These slopes are measured by setting up the theodolite 
at one end of the slope, and sending to the other end a staff with a 
vane set to the height of the instrument. Any error in zero of altitude 
in the instrument should be eliminated, eithet' by measuring the inclina- 
tion in both directions and taking the mean reading, or by observing 
the inclination twice from one point once with the face reversed^ and 
taking the mean of the readings. With a number of changes of slope a 
saving of time and trouble will be effected by adopting the latter method 
and setting up the theodolite at alternate points only. 

In measuring a base with an ordinary chain, as in this class of 
survey, the chain should be compared with a standard and made correct 
in length before measurement. It should be again tested after measure- 
ment, and if found to have varied, the measurement must be rejected. 

The base should be measured and re-measured the same day, and the 
mean of the two lengths taken. If too long to admit of this being done it 
should be dividtd into suitable sections. 

The variation in length, if any, between the two measuremonts should 
be shown only as occurring in the last slope, and the measurements should 
be continuous throughout the base or the section done in one day, as the 
case may be. This will possibly involve a islight variation in the position 
of the points at which the slope is taken to change, but this variation will 
be so slight as to produce no appreciable error in the deduced horizontal 
length. Form A, the method of recording the measurement of the base 
wben taken with an ordinary chain, has been changed in this edition. The 
form here given is one which has been in use of late years by students 
in making a small trigonometrical survey in Roorkee. Columns for the 
record of actual measurements only are given to avoid the occurrence of 
calculations in the Field-book. In the column of remarks the tests applied 
to the chain should be stated with their result. The method of measuring 
the excess or defect of the base length from an integral number of chain 
lengths should also be stated, For very aoourale work and for extended 
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operations, the base line measurement should be reduced to a value at 
M. y. L. (tee Appendix VIII.) 

Some of the most accurate base lines have been measured by Bessel’s 
compensated rods, and a description of the rod would not be out of place 
here. / ^ 

Fig. 1. 







B 



C . 


AB and CD are steel rodq {Fig, 1 ) each nearly measuring the required 
length L They are fixed by the pieces AE and CF to the ends E and F 
respectively of a zinc rod EF. The expansion of AB and CD, tending to 
increase I is counteracted by the expansion of EF, which tends to decrease 
the spaces AD and BC, that 1*^, to pull the ends B and D in towards the 
centre of the rod. In the compensated rod the zinc exactly counters the 
steel. This may bo eflfected thus — 

Expansion of steel = of its length for 180°. 

Expansion of zinc= ^ of its length for 180°. 

Then total expansion of steel = in 180°, 

840 * 

EF * 

and total expansion of zinc = — in 180°. 

But / + EF = AB + CD .-. = 5? 

840 344 

whence EF = so that if f = 10 feet, EF or length of zinc rod =» 

= 6 feet 11*2 inches. 

For ordinary base line work mean results with a steel tape should 
suffice. Greater accuracy than this can be had hy using an Invau tape 
which gives an accuracy of yV-incb per mile, and iNVAR jxids an accuracy 

as low as 2 500 oqq measured length or about ^’gth inch to the mile. 
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Form A« (FIELD-BOOK). 

Measurement of Base line on Maidan, Roorkee, \fith 100 feet chain, 
Date of measurement — 


Prom To 


Distance. 


A I 1 


1 1 2 


2 3 


3 i 4 


Vertical angle. 

Degrees. 

A. 

n. 




/ 

// 

+ 0 i 

i 

9 

30 

10 

0 

+ 0 

10 

0 

9 

0 

+ 0 ' 

3 

0 

2 

30 

+ 0 

3 

0 

3 

0 

- 0. 

47 

0 

47 

0 

- 0 

40 

30 

47 

0 

+ 0 

26 

0 

27 

0 

+ 0 

26 

0 

20 

0 

- 0 

19 

30 

19 

30 

- 0 

19 

0 

19 

0 


Heiiiarks, 


Rising ... *Chain before niea- 
sureiiiont 100*00 
feet; alter measure- 
ment 100*10 feet ; 
mean 100*05 feet. 

Rising ... 


300 

300 

400 

400 

318*56 

318*7.3 


iV. B , — The sign -f- or — is given according as the vertical angle is one of elevation or 
depression in the direction of the meamremont 


Excess over 19 
chains measured 
with levelling 
staves 


•Aa before stated the chain should be correct before and after measuromciit Tins difrcrcnce is, however, 
shown here to avoid changmjj all the calculations of former editions. It also servos to illustrate the method 
of applying the ueoesaary correction. 
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Form B. (CALCULATION BOOK). 

Eeduction of Base Line. 


Measured Inclina- 
di stances tion of 
in feet ground. 


Logarithmic 


Log- 1 ^ 

+ 0 9 30 cos. I 1*9999983 
2 4771213 


Log. 3-44.67518 
tan. — 

1*9238714 


+ 0 2 52 


-04652 


4 0 26 16 


-0 19 15 


318*655 


1 9999998 
2*7781513 


4*9211034 

r*6992545 

\ 9999596 
2 4771213 

^4770809 

2*1346171 

0*6116980 

r-9999873 
2 6020600 

2 6020473 
3*8828639 

0*4849112 

1-9999932 

2*5033208 

2*5033140 

3*7481614 

0 2514754 


Horizontal 
distances 
in feet 

Relative 
altitudes 
in feet. 

Reduced 

levels. 



100*000 

*299*999 

•f *839 

100*839 

600*000 

o 

o 

+ 

i 

101*339 

299*972 

-4*090 

97-249 

399*988 

+ 3*054 

100*303 

318*650 

-1*784 

98*519 

1918*609 





T* 1918-601)x 100*05 

Length, of'chain = 100*05 feet .*. true length ol LaheLine;= ToiFiJo ' 

1919*57 feet. 
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3* Well-oonditioned Triangles*— The trigonometrical stations 
must be chosen with a view to the formation of well-conditioned triangles, 
i.«., triangles none of whose angles is less than 30° ; the nearer the triangle 
approaches to the equilateral the better. The sides of the triangles should 
increase as rapidly as possible from the measured base. The accompany- 
ing sketch {Fig. 2j shows how this is to be managed without admitting 
any ill-coadUioned triangles. 

AB is supposed to be the measured base, and C and D the nearest 

trigonometrical points. All the angles 
being observed and the length of AB 
having been measured, the other sides 
of the triangles DAB, (/AB may be 
calculated. DO can then be obtained 
from the two triangles DAO, DBG 
(having the two sides and included 
angle of each given), one calculation 
acting as a check upon the accuracy 
of the other. This line DO is again 
made the base from which the dis- 
tances of the trigonometrical station^ 
E and F are computed from D and 0, 
and these lines ED, EO, DF, OF, can 
be used as fresh bases for extending 
the triangulation, or if these be not 
sufficiently large, the length of EF 
can be calculated and used as a base. 
This is the usuil method of starting from a base line, unless the nature of 
the ground to be surveyed interferes. 

Stations. -The remainder of the trigonometrical stations must 
be arranged over the whole survey, as the nature of the country will best 
alfew, and care must be taken that no point in the survey is too far from 
some one of these stations. 

5, Signals.— ‘Signals are of two kinds— luminous and opaque. 
Luminous signals are either heliotropes or lamps, and the reflected light 
,of the sun or the light of the lamp is directed through a sight vane which 
is plumbed over the station mark. 

The heliotrope is a circular mirror with the silver backing scraped off 
at the centre spot which is the peep-hole for aligning. When the sight 
vane is aligned through this jpeep-hole and the mirror is slanted towards 


Fig. 2. 
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the sun so that the sun’s rays are reflected on to the vane, the unsilvered 
portion shows a& a black dot, and when this dot is in the line of sight the 
sun’s reflection is carried to the observer. 

The best opaque signal is a pole and brush, or glass bound in the 
shape of a brush or sometimes a cross. A pair of common wicker baskets, 
placed mouth to mouth, with the pole passed tniough, makes an excellent 
signal. 

The pole is plumbed vertically over the station mark and a cairn 
of stones built up to steady it. The cairn might, with advantage, be 
whitewa>hed if it is over a station in the jungle cr tow ground as it will 
then show up against a dark background. 

It sometimes happens in hilly country that a station in the plain is 
very valuable tor the reintersection of certain auxiliary points, when a 
bell-shaped ^‘shuldari” or followers’-tent makes an excellent mark. 

Trees which have been brushed or flagged make good signals, 

6. Observing angles."^ — Having selected all the stations and 
placed the signals, all the angles of the triangles must be observed with the 
theodolite ; and to obtain the relative altitudes of the ground at the different 
stations, the vertical angles must also be read. The angles are observed 
from each station in succession, as follows : — The theodolite is centered over 
the p#int on the ground, marking what is called the station dot, and which 
is vertically under the signal. When tha signal is high, this is found in the 
following manner ; — Set up the theodolite at a short distance from the 
l^nal, and having levelled it, fix the intersection of the wires on the signal, 
Slamp the lower plates, and bring the telescope down till it intersects the 
ground a foot or so beyond the signal.' Make a mark at this point, and 
stretch the chain from the theodolite to it. Now remove the theodolite to 
[mother point, so that the direction between it and the signal is about at a 
right angle with the last direction, repeat the operation ; the point where 
these two lines intersect will bo vertically under tho signal. 

Place the legs of the theodolite stand firmly into the ground and 
examine it for any shake. Next plumb the instrument over the static^ 
dot and level up with footscrevvs. If tho work is to be computed or based 
on a magnetic bearing attach the magnetic compass ; set the plates to 
read unclamp (Ji (see Plate 2) and rotate instruihent till the compass 
needle points N. and S. damp Ci and unclamp Cs and intersect and read 
the zero station. This reading will be the direction of the zero station 
from magnetic north, or in other words, it will be the magnetic bearing 
of the zero station, which enter in Form 0. 


Qu geoddic iM'oiutiou'' tlK iiieasuicuR’Ut of iinglca >\itU iiioioin lustiumcntt hat? I'ccu icdiKO'l to i i *5ewud. 
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The zero station is the station selected l)y the observer as 
the station from which he commences and on which he ends his rounds of 
observations. 

(fi)* Setting to zero is a technical expression meaning that the 
zero station has been set to some particular reading. When a theodolite 
has only two verniers, a change of face docs not mean a change of zero, as 
the verniers are opposite and become interchanged, but with a three- 
vernier instrument each change of face means a change of zero. 

(c). The rule about zeros is as follows : — If the zero station was origin- 

S()0° 

ally set to 0° then the next zero will be set to ^ vermers x No ot .cts ot analcs 
This changing of zeros or observing on one, two, three or more zeros 
tends to eliminate any errors that exist in the gi'aduation of the divisions of 
arCj as the angles are read on different portions of it. For the purpose of 
this work and for engineering practice generally, 0° and 90^ may be taken 
as the settings for two zeros and two zeros will be found sufficient. 

7. Ponn Q* — This form is a copy of the triangulation field-book, 
and one page allows space for observation of horizontal angles on two 
zeros 0® and 90®, and two faces for each zero, also vortical angles on two 
faces. ' 

Procedure , — Clamp the upper plate C 2 so that A vernier is on ‘‘ face ’’ 
right (that is, the vernier below the arc) and is set to 0® 0' 0", or better still 
to some small amount slightly greater than 0® 0' 0" ; and by unclamping 
Jjie lower plate direct the telescope to intersect the zero station. Intersect 
by slow-motion screw Ti of lower [»late after clamping it by the clamp 
JOx, The lower plate will not now be touched till two faces have been read 
on this zero. IJnclamp upper plate and road to the next station by approach- 
ing it gradually without overshooting it in the direction of the hands of a 
clock, known as right swing, ” read and register and so on, finally coming 
back again on to the zero station.. Care must be again taken to approach 
the zero station gradually and not to pass it, but with the slow-motiou 
7orewT^2 intersect it. Read and register. Now unclamp upper plate, 
transit telescope, and bring it back to the zero station without overshooting 
it in a direction contrary to the hands of a clock known as left swing, ” 
and continue in this direction reading the horizontal angles with the same 
caution of not overshooting the signals, finally closing again on the zero 
station and registering the angles focJL 180 from the bottom lino of the 
column upwards. This constitutes one set. The upper clamp is now 
loosened and the telescope rotated vertically and A vernier is sot to 90° 0' O'", 
or greater, the upper C^ clamp is now fastened, the lower clamp 
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Cj loosened, and the zero station brought into the field of view in a direction 
of the hands of a clock, and observations treated in the same way as with 
the other set. 

The means are taken out by considering the values of the zero, 
station 0° 0' 0^, and subtracting the mean of the starting and closing 
value as registered from the other values of that observation The 
‘‘General Mean” is a mean of these means. 

The observations are taken on both ‘ Ifaces” to eliminate horizontality 
of telescope axis error — on two or more zeros to eliminate graduation 
error, and on a right and left ‘^swing” or in contrary directions to elimi- 
nate the error in “drag” of the verniers on the limb. 

Vertical angles should not be read at the same time as the horizontal 
readings. The procedure of reading and recording these angles is a 
straightforward one — A vernier being invariably the vernier towards the 
object end of the telescope. 

Having completed the vertical angles enter the height of the axis of 
the telescope and the height of the signal from the station mark, and 
write a clear and concise description of the station so that there will be 
no doubt as to the position of the mark which is very often buried out 
of sight to avoid destruction. 


Cautions to be observed in triangulation. 

Set up instrument exactly over station dot, especially in the presence 
of followers, khalasis, etc., who, if they find you are casual and careless 
about this, will never trouble to give a carefully plumbed mark or a 
helio in true position. Unhook plummet, as if left in a wind, it will set 
up a vibration. Level up theodolite, lightly brush the verniers with a 
soft brush, and only give enough pressure to the clamp screws to make 
them gt,ip. A clamp screw should be tightened only sufficiently so 
that a gentle pressure in the reverse direction will ease it without jerk 
or jump on the instrument to the great detriment of angular work ; 
in fact good angular work is more a matter of hands than eye, and for 
this reason turn the instrument gently by handling the upper and lower 
plates — not the telescope. In fact cultivate a “ velvet ” touch. Be careful 
to eliminate parallax and obtain a correct focus. If the instrument goes 
slightly out of the level during one set of horizontal angles do not correct 
it till the set is completed. This is a very important precaution to note 
as a defective fitting in any footscrew is quite sufficient to give a horizon- 
tal “roll” and vitiated horizontal readings. In vertical angle work satisfy 
yourself thoroughly as to the levelraent of the vertical arc bubble, or thq 
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babble on the telescope as the case may be, and correct if necessary at 
each observation by antagonising screw or either screws if there is no 
further necessity for horizontal angular work, or apply bubble correction^ 
vide Appendix VIL 

Intersected points are observed in the same manner as stations, but 
only one set of angles is necessary or one zero and one vernier (invariably 
A vernier). 

The description of the point intersected should he clearly stated, as 
it is not always that the triangulator subsequently does the plane-tabling, 
so that the man who follows should have no doubt as to which point is 
meant and to what position of the point a height has been given. For 
example, church spires and temples having lightning conductors the 
horizontal angles would be taken to the lightning conductors, but vertical 
angles would be taken to some point easily recognisable directly beneath 
it— this should be carefully described. Again, a tree would be observed 
to for horizontal angles as near the ground as possible, but if the ground 
line were not visible it would be best for vertical angles to be taken to the 
highest part of the tree, though as a rule where the ground line is seen 
it should always be taken and sometimes both ground line and top vrdues 
recorded. Sketches of objects are very useful, and these are best made 
by drawing them in the book when held upside down, for this reason 
that the object in the telescope is inverted, and if drawn as seen through 
the telescope with the book reversed, the sketch will be right way up when 
the book is held in its normal position* 

In describing trees it is not of much use describing their colour, much 
•better to try and make out what kind of tree it is. Such trees as mangos 
and tamarinds are easily recognisable, but if in doubt refer to a local man 
and be will generally give you the correct name. It is best not to classify 
the tree at all if there is a chance of it being misnamed. A good practice 
in describing trees is to place them north, south, east or west of a group or 
a pair of trees, etc. Avoid writing ‘‘right” or “left” of an object as 
this depends entirely on the position from which it is viewed. 



Magnetic direction of Zero Station 191® 31' 00" 



Height of signal 8' 9'. Height of instrument 5 











yonUL C* Magnetic direction of Zero Station 191° 3 1 '00^. 

Angles observed at A , Horizontal Angles. Cooke T. and S. Transit Instrument No. 4377 (5*), date 22-1-18. 
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Height ol signal 8' 9\ Height of instrument 5' 2’. 
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8. So that computations of a quadrilaJ/eral figure {see Plate I.) with 
a supplementary station and a Satellite or eccentric station involved, can 
be followed, ab stract an gles from the field-book of an actual piece of work 
are here given with the full computations to follow in the respective forms 
for the purpose. The base line AB in this particular case was along the 
almost level bank of a canal, and its reduction was a simple nintter and 
does not appear in the form suggested tor that purpose. The azimuth or 
direction from true N of the station C was observed at station A by 
taking an ex-meridian observation to the sun. 


Stations. 

Horizontal 

angles. 

Vertical 

angles. 

Heiglit 

of 

instru- 

ment. 

Height 

ot 

signal. 

Remarks. 


0 

/ 


0 

r 





At A to station B 

0 

0 

0 

D 0 

00 

30 

5 2 

9 5 

To signal. 

„ c 

306 

09 

39 

D 0 

00, 

25 

... 

9 4 

i» )> 


3291 

«J2 

20 

1) 0 

ool 

15 

... 

10 1 

M »» 

„ Supplementary 

323 

58 

50 



... 

... 



At B to station A 

0 

0 

0 

EIS 

IS 

30 

5 

9 5 

To signal. 

„ . c 

8f) 

05 

40 

D 0 

02 


... 

... 

»> M 


120 

24 

01 

E 0 

04 

IS 


. 

To ground level. 

To tall palm 

20 

56 

35 

1) 0 

01 

20 

... 

... 


At C to station 1) 

0 

0 

0 

E (I 

19 

10 

5 H 

HI 

To signal. 

„ „ B 

73 

58 

04 

E 0 

10 

55 


Hi 


»> n A 

115 

01 

47 

DO 

11 

55 

... 

■ 


At D to station B 

(} 

0 

0 

E 0 

04 

05 

5 3 

10 I 

To signal. 

>1 n A 

20 

08 

3l! 

E 0 

04 

55 

... 

... 

») >» 

.. c 

70 

43 

4i 

D 0 

04 

25 

... 

... 


At supplementary 










S to station B 

U 

0 

0 

E 0 

25 

37 

4 10 

OO 

To signal. 

n jj A 

54 

47 

24 

E 0 

19 

m 

... 

... 

>» 

)i 0 

170 

09 

29 

E 0 

19 

80 

... 

... 

»» »» 

„ M B 

241 

86 

00 

E 

25 

55 

... 

... 

To ground level. 

To tall palm 

75 

09 

20 

E 0 

50 

OO 

... 

... 



1). By trigonometry, if ABO is a triangle then 


shi A 


fiiff 13 shi 0 

h r 


and with the angles A,B,C known also the side A B (c) measured, then 


.St;/ A j , 

a = — rr c ; and 0 


f/’n B 


.s/// ( ’ 

or log a — log c + log sin A + log coseo 0 etc. 
















14 


CHAPTEiR T. 


10, We shall proceed to put this formula into a convenient form 
which is Form D for calculation of horizontal distances with the following 
instructions : — 

First examine the plime-jtable recon]iaissqiJlce.fdot»and choose the best 
conditioned triangles and aim at obtaining a double value for a side on 
which an extension is being made. The example given in reconnaissance 
plot is of a quadrilateral with A li as the known base, and it is evident 
that CD is the base on which the next quadrilateral will be built. The 
triangles are to be written anfi^clockime taking the known side first. In 
example, ABC will be the first triangle to be solved of which the side AB 
and^^he three angles are known. It is to be written as ABC. The anti- 
clockwise direction is selected as the bearings are from North and the 
interior angles of the figure thus become inward angleii (see Chapter V. 
on Traversing, Part I). 

The interior angles of each triangle mu^t equal 180"^ 0' 0*^, and any 
error must be di-^tributed equally in whole seconds and not proportionally 
to the size of angles— any residue again equally to the larger angles, In 
this case of minor triangulation no attempt need be made to grind down 
the angles or to obtain the probable errors by least squares, etc. 

Having obtained the corrected angles take out the log sines for the 
first and second angles and the log cosec for the third, and add the logs 
of the first and third to the given log base to obtain the log side of the 
first, and add the logs of the second and third to the given log base to 
obtain the log side of the second. 

iV.B. — The reader will notice that, by holding a pencil over one liiiCj cols, log 
sines and log feet, there remains in view the correct values to add and the space 
into winch the result is to be placed. 

Finally take out the antilog for feet ” and complete form. 

Where double values or common sides exist their mean must bo taken 
and entered in each triangle and accejited for further extension work 
if used as a base. The last two triangles worked out in example are 
for an intersected point, and the third angle in each triangle is therefore 
supplementary. These two triangles give a common side and without this 
check an intersected point is doubtful. Triangles should be properly 
numbered. 

The form offers the following advantages ; — It is compact and the 
side appears opposite or on the same line as the angle, that is, a or BC 
appears on the same line as angle A, 
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Form D- 

A 1. 


1.0 ! feet 8 - 446 9569 /mm 4 := 2792-26'. 
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11. Computation of heights ( 5 ^^ also Appendix V.')— Let A 
Fig. 3. and B be two points on the earth’s surface 

and 0 the centre of the earth. AD' and 
BD perpendiculars to AO and BO res- 
pectively will represent the directions of a 
level surface at A and B respectively, 
and the angle BAD' will sensibly equal 
to the angle ABD if the reciprocal angles 
!/D'AB and DBA had been simultaneously 
I observed when the refraction would have 
* been equal or constant. 

Make OC OB, then AO = h or 
the difference of height of A and B. 

Let tlie observed depressions at A 
and B be Da and Db* Now angle ABC = 
angle OCB — angle BAO, and angle ABO = angle ABO - angle CBO ; 
and since angle OCB = angle CBO, then angle ABC = | <^angle ABO - 
angle BAO) ;,.also since angle BAD' = angle ABD, then angle ABC = J 
(angle DBO -'angle D'AO) = | (D^ - Dr) =5 S. 

Now BC is a very small part of the earth’s surface. So that h may 

be put equal to BC tan ABO or It = BC tan - , or if one angle is an 

elevation h = BC tan — ^ or BC tan — that is, subtended angle S 

is equal to half the algebraic difference of two depressions or two eleva- 
tions, and is equal to half the algebraic sum of a depression and an eleva- 
tion with the proper sign. If one angle has only been observed from 
figure, it will be seen that if the refraction is R'^jfor angle BAD' then 

R ^ but when reciprocal angles have been observed the value 

A 

R can be found and ^ is called the co-e£icientj^j:£fxadion which in India 
may be considered as about ‘067. 

Now h in the above formulae represents the difference of heights 
between the ground levels of A and B, and if 2 ft = height of instrument 
at A, height of signal at A, 4 height of instrument at B, height 
of signal at B, and if A is the station the height of which is known, and 
B be the station the height of which is required, then height of B =: height 

of A ± BC tan S + 

If one angle only has been observed then a correction for curvature and 

* Appendix 3 Table or a.s a rough rule:— Correction (for Curvature and Refraction) in 
itet ^ of the square of the distance between the two stations in statute miles. 
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refraction must be considered and this correction is always plus and is 
obtained from Table {see Appendix II. ). The table gives the angle for the 
log of the subtended side. The algebraic sum is the value of S. 

Refraction is more or less constant between the hours of 1 and 3 P. M. 
and as sim ^i]tfl.ne9us^ iJ^rvaf.ions cannot be taken, vertical angles are 
best observed between the above hours. 

Form E has been drawn up to accommodate both cases (1) for recipro- 
cal values (2) ‘for single values. The log side is obtained from Form D. 

As a word of caution the student is warned that no great reliance 
3an be placed on single value heights, as refraction and pressure changes 
also the presence of a grazing ray — all tend to vitiate the results. 

Also that the heights, derived by reciprocal values, although they 
seem to accord, are by no means as reliable as heights derived by ordinary 
levelling, except over very broken and hilly ground, where levelling is 
almost an impossibility. 

Form E. 



Eh Elevation at B. height of inbtrument at A, 

Db = Depression at B. Zh = height ot instrument at B. 

^ Appeudix lY. for calculntion of logs of a unglc, 
t Appendix 'J, 
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12. Form P is for the computation of a point from which observa- 
tions* have been taken to three known points, in other words, it is the 
solving of the plane-tabl e fixing bY ^trigonometry. Here all the angles of 
the triangle ABC are known, also the angles a and /3 observed from S the 
point recjltiired to be found. It is evident that the angles CAS and CBS 
are required. Call these angles n* and y respectively. 

Then C + a + /3 4- x -f- // = 

Let (C + a 4- /3) = P. 

Then a; + ^ = 360 — P. 


And CS 


h Mn on a sin y 

' sill n Niii * 


By 


. . . sin (t 

trigonometry - 



sin j' 
sill // * 


. a sin a 


tan (j) say 


‘ * h sin fi ■“ sill 1 / 

By adding and subtracting — 

sin a; — sm y Ian ^ ^ 1 

sin a* 4- sin // tan ^ 4- 1 

but ^ ~ y ^ tan ^ (./■ - y) 
sill X 4- sin y tan i (a? 4- //)* 

/. tan i<p - 45"^) “ ^ 


tan (^-45'^), 


tan + !/) 

or tan ^ (.r — //) = tan ^ [x + ij) X tan ((^ — 45*^) 
and this has been adapted to logarithmic computation in a convenient way. 
The right hand portion of the form is only a repetition of Form D for 
calculation of sides. Notice that the angle ABC is supplementary. The 
sum of ACS and BCS should equal the angle ACB, but this rarely exactly 
happens, chiefly because the functions of three triangles are employed to 
obtain its value. An example is worked out from the values given in the 
abstract contained in para, 8. 

Supplementary stations should be made more use of than they are as 
they frequently aid in filling a void or where points are few and by inter- 
section and computation many intersected points by two rays can be 
finally fixed by a third from a su{>plementary station. Such stations can 
Easily be observed at on a line of march and need not be on a hill top but 
preferably where, as mentioned bc!ore, points are lacking. The author 
tried whenever possible, to set up near the margin of four planetable 
sections so that the point fixed may give work in four plots. 



Form P. 
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18. Porni Q.— It sometimes happens that the only desirable position 
on a hill top is occupied by a tomb, pagoda or other permanent structure, 
and that a station on the particular hill is a necessity for the continuation 
of the triangulation, or for the purpose of taking 3rd intersections to fix 
certain intersected points which are sure otherwise to become obscured. 
Most manuals give an example or explanation of what is known in India 
as a Satellite station, and in America as an Ej ccentric station, and one is 
led away with the idea ^hat a Satellite station is of common occurrence. 
This is not so. With the best laid out triangulation it is never used, and 
with tertiary or minor triangulation its occurrence is rare as it can so 
easily be avoided by the exercise of a little forethought or by a supplementary 
station as in previous para. 

The most likely circumstance in which it will occur is as noticed for 
the reintersection of some doubtful points. For instance in a city survey 
if a flag-staff on a tower had been intersected from stations, and it was 
found necessary to make a station somewhere on the tower, the position 
directly beneath the staff being an impossible one, the theodolite is set 
up in some convenient position, say S (in the diagram for Case 1., Form 
F), B being the flag-staff and A and 0 the stations from which B w^as 
observed. 

At S the instrument is set to Magnetic North and the readings 
to A, 0 md B are taken with the same care as at stations ; the Magnetic 
North being the zero station, and the lower plate is clamped to this 
direction. S B is also carefully measured with a tape. 

To reduce the angles at S to angles at B we proceed as follows : — 
In the triangle ACB the angles at A and C are known and the base AC ; 
from these data we can obtain a very nearly correct value for the sides 
AB and BC. In the triangle ASB the angle ASB (S) has been observed, 
SB (a) has been measured and AB (s) is known, and it we consider 

the value of the angle SAB in seconds we find it equals — in 
SB 

which is a constant. 

In the triangle ASB we have therefore — 

A (in secs) = x - — 

log A’ == log a + log sin S — log s — log sin 1'' 
where log sin 1” = 6'68f)5749. 

This gives us the correction to be applied to the magnetic direction 
of SA to obtain BA, and similarly of SC to tbtain BC ; by subtracting 
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the value obtained of BC frozn BA we get the included angle ABC, 
and obviously the magnetic directions have no significance after the 
deduction has been completed. The sign of sin S must be carefully 
attended to, and to avoid all chance of mistakes in this respect it is 
as well that a diagram with the direction N is drawn and the sign 
applied accordingly. In the example, if CA was pointing due N then 
the bearing of SA would be greater than BA and the angle SAB 
would be subtracted from the direction SA to obtain the direction BA. 

For the purpose of illustration an example is worked out as follows; 

Let it be supposed that the the odoli te could not be set up over station 
mark 0, and the following observations were made at a station point 
0'=129' 4* from C. The angles reduced from C' to C should be 
compared with the actual observations taken at C, {gee also Plate 1.) 


At C' Magnetic North 
to Station I) 

>» i« 

>> »> ^ 

>) n C 


•• 

... 

• •• 

0 1 

0 

... 


... 

204 ! 

05 



... 

27 6 

54 

... 

... 


216 1 

88 

>»* 

... 


329 

25 


0 

58 

86 

56 

26 


Pom G- 


;j;nT= constant log = 10 h-2-1116993-4-6«55749 = 7'4261244.» 


Station. 

Data 

Logarithmic 

computation. 

Corrections, 


Constant Log 

Log sin B (angle BC'C) 

7 

T 

4361244 

8926474 



Total 

Log a (B C) 

7 

8 

3256718 

5855401 

Direction B to C' = 276® 64' 86^ 


Log A!* 

8 

7901317 

Angle C'BC = 1° 42' 


A = ... 


6167' 
= 1° 42' 47" 

.•.Direction C to B = 275® 1' 49 '^ 
tlnclnileil angle B(M 41® 03' 54". 


Constant Log 

Log sin S, (angle AC'C) 

7 

T 

4261244 

3446,'i39 

Direction A to C' = 316® 88' 

Angle AC'Arr: 23 13. 


Total 

Log (AC) 

6 

1 ^ 

7707583 

6268743 

.• Direction C to A =:Jkl6 15 Tih ’ 

tliichuled angle BCa = 41 ° 03' 5.4*. 


Log A" 

A = . 

8 

1468840 
1898" 
= 28' 18* 



; but as angle SAB is very small SAB = number of m SAB x sin 1^* 


sin*S Ax sm : 


or A s 


sm S 


that 


SB 


therefore if A = number of seconds m SAB thtn - w. — » , . , - 

is a constant. ^ 

t This angle is obtained by subtracting the <!ircction as zleduocd from one triangle from the direction 
deduceti iihthe other—the resulting value to be eutere.1 in both compartments ot the form Compare angle at 
station 0 between 4 and B (para 8). 
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It sometimes happens in a round of angles at station that unfortun- 
ately one station, to which observations are necessary, is obscured, in 
which case the instrument is removed to a position where tbe station 
is visible, and with the same procedure as given above the angle is 
reduced to the original mark. 

The reduction of angles o LSat^ te stations is accurate, but a laborious 
process, and for a short series of the tertiary order, such as an engineer 
would run, it would not be wrong to advise that the station be made 
a supplementary station and computed as such as shown in Form F. 

14. Computation of the third side from two sides and 
the included angle. — As explained in a previous para, in this chapter, 
it sometimes happens that a side is required for extension of triangulation, 
or that in the extension of such triangulation from a measured base 
it is required to test the accuracy of it. In example, we are to suppose 
that no reciprocal observations were taken between A and D, and that 
we wish to test the accuracy of the extension from the base line AB, 
that is, we wish to test the distance A to D. 

The following formuUe are utilised in the form:— 

For Form H see [)age 23, 

Tan and c = (a + 6) sin 

the mean of the two values for A I) should be accepted. Compare the 
values with the values given in triangles 2 and 3 of Form D. 

The triangulation is now set up and balanced by using the Traverse 
Form I., and the qua Irilateril ABDC has been computed as a guide, 
and some remarks, already made under (Uiapter on Traversing, (Part 1.) 
are repeated. 

15. Form !• — Compvtation of rectcej^ular^CQ-ordinate^^ This form 
is best explained by taking the example in which A is considered 
the Origin and the bearing of A to B, or the line AB is given as 
192° 12' 54". The circuit, in this case, ABDfvA, is taken anti-clock wise 
because in traversing the inward angles are observed, and this is a 
closed circuit as the starting and ending station is one and the same. 
In a closed circuit the angles are corrected to add up to a certain 
sum by Euclid 1. 32, Cor. 1., and in a long traversed line by a 
check azimuth to which the correction for c ^verge jicy has been applied 
to the azimuth observed. In computing co-ordinates of triangulation 
the angles are entered to seconds, but in traversing, angles to the nearest 
minute only are necessary, except for city work on large scales when 
the angles may be entered to the nearest whole reading of a vernier division. 



CALCULATION OF THE THIRD SIDE FROM TWO SIDES AND INCLUDED ANGLE. 
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'WlJUBUX 


uav 


( 


Log tan T.3303197 1 2* 04' 35*' Log 3 737 557| 546:J-83 AD 
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In the 3rd column the values are all hearings^ that is, they are directions 
to a fixed meridian on the earth’s surface; if therefore, any azimuth 
is observed at some distance E. or W. of the meridian of the origin, 
and a direction found with respect to a celestial object for angular 
check or the traverse is tied to a triangulated station — the difference of 
convergency of meridians must be applied to the azimuths to convert 
them into bearings 

In the Northern Hemisi)here convergency is ± according to whether 
We^'t 

the departure is and vh'e verm in the Southern Hemisphere. 

Convergency may he deduced as follows: — Add to the constant log 
in feet ^4*2162) log tan latitude (obtained roughly from the standai^d 
map), also log departure in feet (taken from the reconnaissance plot) 
and the result will be the log convergency in minutes. In latitude 

30° the convergency is almost exactly \ minute per mile, or 4*2164 

+ 1*7614 + 3*7226 — 1*7004 = ^ minute. 

The logs in the calculations for triangulation, if the sides are long, 
should be taken out to 7 figures. Having found the distances on the 
meridian and perpendicular they are entered in the columns for that 
purpose with reference to the quadrants of the bearings. To balance 
the traverse these columns are totalled and the difference Northing 
and Southing also Easting and Westing should be equalised in a closed 
circuit, or in other words, since the traversing returns to the origin 
the departure ‘^Westing” must equal departure “Easting” and the 
latitude “Northing” must equal the latitude “Southing”. Let there 
be an error of + *23 foot. This quantity in a closed circuit must be 
halved and *12 foot added to the lesser and *11 foot subtracted from 
the greater total, and then the *12 foot distributed proportionally in 
the several values which go to make up the total. In a t ravg rse 
which is not a closed circuit the starting and closing co-ordinates being 
known the difference in the latitude and departure is therefore known, 
and for the traverse to close the difference in the total latitudes and 
departures of the traverse must equal the differences in the given co- 
ordinates, if not, the error must be distributed as explained. 

The last two examples in the form are to find the co-ordinate 
values of the supplemental^ station and an intersected point ; the area, 
by successive ordinates multiplied by distances on the meridian, has been 
explained under traversing, Chapter V., Part ]. 
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16. Spherical excess* — In triangles with an area of 76 square 
miles and over the three angles will add up to something over and above 
180° to be correct, and as a rough rule the spherical excess in seconds is 

equal to ^ triangle, the area of which is 76 square 

miles, has 1" as spherical excess, and an equilateral triangle of 100-mile 
sides will have a spherical excess of nearly 1 minute. 

17. Clearing a line* — When two stations are not intervisible 
owing to trees and bush jungle which have grown up after a term of 
years it is necessary to clear the ray. Columns of smoke in the day 
and flares by night very often fail over long distances to mark the 
direction, and an accurate direction is necessary in order that more 
property is not destroyed than is absolutely necessary. 

If there is a record of the azimuth of one station to the other 
then it is necessary only to take an observation on a celestial object to 
find the meridian passing through one station and to set off the recorded 
azimuth ; but in the event of there being no records and a boundary 
direct from one point to another is required even though a hill intervenes, 
then one method is as follows : — 

A trave rse is run from one station to the other. The co-ordinates 
are calculated from which is obtained the difference along the meridian 
(.r) and the de partur e (y), between the stations. The direction of the 

direct ray between the stations is therefore found as follows : — — = co- 
tangent of the angle which the direct line makes with North, and since 
^ is known therefore the angle is known which set off from the meridian 
passing through the station.* 

The second method of overcoming the difficulty is as follows ; — 

On the reconnaisaarme plot, let CD be the line to be cleared. Select 
two positions A and B intervisible from each other and from which C 
and D can be seen. Let the side AB equal unity. Solve the triangle 
ABC and obtain BC, also solve the triangle ABD and obtain BD, 
(Form D). Next solve the triangle BCD (Form H) and find the angle 
BCD. As the angle ACB is known, then direction CD at C can be laid 
down either with A or B as zero station. 

Note, — Compare this sohitiou with two-point problem under Chapter VIL, 
Part I., on Plane-tabling, 

18. A few hints on Triangulation*— When observing, there 
must be no parallax (the commonest source of error) that is, on the 
eye being shifted from side to side for horizontal angles, and up and 

• This meridian cau be found by a R aud L Uoa on folans and calculated by Taylor's method tee Chapter III. 
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down for vertical angles there must be no “ wobble ” between the 
diaphragm wire and the object intersected. If there is a wobble .it 
shows that there still remains some parallax which must be eliminated. 
As the focus will be infinity once the parallax is eliminated there should 
be no need to adjust either the eyepiece or object glass. 

Avoid observing horizontal and vertical angles at one and the same 
time. It is doubtful whether the method is any quicker in the end, 
and it is certain that the horizontal angles suffer in accuracy. 

Avoid observing when the atmosphere is ‘‘ boiling ” or quiv^ing 
as is very often the case in the tropics. Avoid also selecting two sites of 
stations such that the line joining them just clears or misses a ridge or spur 
which sets up an intermediate disturbance in the atmosphere. Such 
lines are known as grazing rays.’’ 

The instrument should be in proper adjustment, and since in trian- 
gulation observations are taken to points which differ considerably in 
elevation the adjustment for the standards, so that the telescope rotates 
in vertical planes, should be attended to (see Chapter III, Part 1). 

The stand of the instrument should be thoroughly examined for 
shake and the nuts tightened, if necessary, before observational work^ 
commenced. The legs of the stand should also be well pressed into the 
ground, and the observer’s stance should be directly behind the telescope 
when intersecting the object and directly over the verniers when reading. 
The readings should be recorded exactly as read. 

The tientering of the instrument should be most carefully done 
and also the centering of the signals, remembering that the shorter 
the sides the greater the error due to non-centering. 

For ordinary tertiary triangulation a 5-inch transit instrument 
reading to 20" with a good lens is recommended. The stand should, if 
possible, be fitted with a traversing head or better still the trav ersing head 
should be a part of the instrument. 

With reference to the lens of a theodolite a good lens permits of a 
distant object coming into focus and going out of focus with a very slight 
turn of the screw. ^ When testing a lens and focussing on a distant lightning 
conductor or spire, the wire, if intersecting the object when in focus, should 
still intersect it as it goes out of focus. If it does not, it shows that the 
focussinp slide is loose* or has not been properly ground and fitted by the 
maker. This can only be remedied by an instrument maker ; if work 
must progress then one focus must be used for all observations. In 


With the internal focussing lens this error is reduced to a minimum if if exists at all. 
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triangulation it is rare that the focus needs alteration as the stations 
are usually all beyond the infinity focus of the telescope. 

The fo otscr ews should not be touched during a set of horizontal 
angles for this reason that if the axis of the footscrew is bent then the 
whole instrument will have taken on a horizontal movement or roH and the 
error will be thrown into the set of readu^* The slight dislevelment' 
of a theodolite will not alter horizontal angles and the observer can 
satisfy himself by making a test case. 

19. Concerning base lines- — It is better to measure a fairly 
short base over an even piece of ground with great accuracy and 
precision than to measure a longer base under indifterent conditions and 
with less precision. A base line can be checked by taking points at 
intervals along the base that is dividing the base into three or more 
sections setting up a theodolite at two or more points making well- 
conditioned triangles, observing all the required angles, finally closing 
on the last section. 

In figure 4 the theodolite is set 
up at A, 0, D, E, B, F and G and 
all the angles measured. Accept- 
ing AC as part of the whole base 
AB, and also a base for the triangle 
AOF the values of CD, DE and 
EB can be computed by Form D, 
and hence the whole length of the 
line AB is found and also separate 
portions of the line are checked. 
If the instrument and signals are 
very carefully centered the check 
becomes a very efficient one, and 
will disclose any great discrepancy 

in any one section of the whole line. 

The student should notice here that if ACDE and B are not on 
one and the same straight line that the direct distance A to B can be 
accurately found by computing the values of their rectangular co- 
ordinates, and the differences in departures and along the meridian will 
give the two sides of a right angle triangle of which AB is the hypotenuse. 
Similarly, FG the exact distance between two piers of a bridge can 
be found, and intermediate piers can be located by being aligned between 
FG, and making certain angles (found by plane trigonometry) at D 
with either F or G as a zero station. 


fig, 4. 
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20. Concerning mean sea level and base, lines. —All the 

triangles of a large trigonometrical survey are projected on to the spherical 
surface of the earth at the level of the base line and then again to the 
surface at mean sea level (M.S.L.)- It is done thus : First the sides 
of a given triangle are projected on to the horizontal (spherical) plane 
passing through the lowest angle of the triangle. One of the sides of 
the given triangle must belong to another triangle^ and has therefore 
already been projected on to the plane passing through the lowest angle 
of the second triangle* If the second triangle is lower than the tirst 
all the sides of the first triangle are projected on to the lower plane, 
and soon, and eventually the triangulation appears on the terrestial surface 
at the level of the base line arid is then again projected on to the terrestial 
surface at M.S.L, This reduction is scarcely within the province of en- 
gineering surveys (see Appendix for reducfion to M.S.L.) 

The size of the triangle should never be so large as not to admit of 
at least two station points being plotted on the size of the sheet of 
paper according to scale to be fixed on the plane-table, If the recon nais - 
sa nce slmet f P late [.) is subdivided up into rectangles or graticules 
showing the limits, according to scale, of reconnaissance selected for 
area per sheet or size of plane-table, the triangulation scheme can he 
mapped out with greater advantage. 

A station fixed near the junction of four plane-table sections has 
the advantage of being utilised four times and is thus of much greater 
value than one placed in the centre of a plane-table area, though it must 
not be inferred that stations must be fixed as far as possible near the 
junction of four sections to the utter exclusion of other situations. 

All surveys based on scientific principles, which could be accepted 
by the State for incorporation or correction of the standard maps must 
be tied ” down or connected to at least two stations or points of the 
State department work. Since certain points become common to both 
surveys the State is in a position to judge whether the work is valuable 
or unreliable for its purposes. An incorrect alignment of a road, 
railway or canal will only throw suspicion on an otherwise correct map. 
The little extra care and foresight of connecting work to fixed points of 
the standard sheets such as Trigonometrically fixed stations, trijunctions 
of villages fixed by traversing is well worth the trouble, and the f)rofes- 
sional map-maker will adjust any small discrepancies which may have 
crept in. 
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21.— Tli« two'point problem in Triangnlation. 

Fig. 5, 



Pfohlem. — Two stations C and 1) are known and the distance between. 
Two other stations or points A and B are inter visible and 0 and D can 
be observed to fdrni' A and B, It is required to fix the positions of A 
and B by observations to C and D only. 

The above figures represent various configurations of the problem 
which may be found useful for supplementing points in an area lacking 
data or on reconnaissance work with an army in the field where connection 
has been lost between CD and AB and when it is not feasible to return 
to CD. 

Let CD = d and from A are observed the angle BAO and BAD 
and from B the angles ABC and ABD, and thus all the angles of the 
triangles ABC and ABD are known. 

In the triangle ABD — 

AD = AB sin ABD cosec ADB. 
and in the triangle ACB. 

AC = AB sin ABC cosec ACB. 

/. “ sin ABD sin ACB cosec A DB cosec ABC 
sz a known quantity. 

AD 

Thus in the triangle ACD the ratio jjr is known, and the included 
angle CAD is known, so that the triangle can be solved and AC and AD 
determined. 

Let sin CAD =s tan 
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Draw DE perpendicular to AC or AC produced and complete the 
rectangle CFDE and join AF. 

Then AD sin CAD = DE = CF 

/. tan $ = ^ = tan CAF. 

AO ^ 

/. CAF = ff. 

angle DFA 90'^ — angle CFA ^ angle CAF H, 

and angle DAF = angle CAD — angle CAB' = angle CAD — e 

AT) sin DFA sin 0 

dF " sin DAF ~ sm (CAD - 0; ““ ^ COSec (CAD — 6). 

sin CAD sin 0 cosec (CAD ~ ^ sin CAD. 

But DB' = CD sin DOF = CD cos ACD. 

sin OAD sm 9 cosec (GAD - 0) = eb cos aco * 

But from the triangle ACD 

m = ••• AD sin OAD - OD sin AOD, 

whence sin CAD sin 0 cosec (CAD - 0) C ' D ~ b(^s ^ ACD. 

Thus the angle ACD is found and therefore also ADC ; CD is 
known and the triangle ACD can be solved. 

For AC = CD sin ADC cosec CAD, 
and AB = AC sin ACB cosec AB(L 

The problem is simplified when put into a form suitable for com- 
putation. 

Example , — The distance CD was given as 21010*4 feet (log 4*3224343) 
and observations at A and B were made with the following results 
Angle CAD = 20° 22' 50" I Angle AUC = 85« 05' 50’' 

Angle DAB := 27' 32" | Angle CBD = 35« 18' 14" 
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from whinh the following supplemental values are deduced, viz.. 


angle ACB 41 

o 

o 

48" 

1 angle ADB =r 

26° 08' 24’ 

Angle ABD 
„ ACB 
„ ADD 
„ ABC 

o 

120 

41 

26 

85 

24 

03 

08 

05 

o 

04 

48 

24 

50 

log bin ABl) 

log sin ACB 
log cosoc ADB 
log cosec ABC 

T-9357(510 

r8174945 

0-3'.59890 

0-00 159 19 

„ CAD 

20 

22 

50 

® AC 
log Sin CAD 

0-1108364 

T-5418960 

e 

24 

12 

15 

log tan 6 

1*6527324 

„ fl - CAD 

3 

49 

25 

log sin CAD 
log sin 0 

log cosoc 6 { — CAD) 

1 5118960 
1-6127726 
1-1759713 

„ ACD 

115 

02 

, 

05 

log tan ACD 

0-3306399 


log Itaso ^'322434d. 


Station. 

Angle. 

Log angle. 

Log side. 

D 

70 

43 

29 

r9749460 

4-5355178 

c 

73 

58 

17 

1-9827794 

4 5433512 

B 

35 

18 

14 

0-2381375 




log 

jase 

4'3224343 


D 

44 

35 

05 

1-8463(43 

4-6268526 

C 

115 

02 

05 

i-9571629 

4*7376912 

A 

20 

22 

60 

0-4581040 




log 

lia-e 

4*5355178 


B 

85 1 

05- 

50 

1*9984081 

4-6268551 

C 

41 

08 

48 

1*8174945 ! 

1 4-4459415 

A 

53 

60 

22 

1 

0 0929292 

1 

j 



■— 1 

4-5433512 


B 

120 

24 

1 

04 

1-9367610 

4-73769311 

D 

26 

08 

24 

1-6440110 

4-4459439 

A 

33 

27 

32 

0-^585817 

1 


From the above the following mean values ot sides are available . — 
AB s» 275i2i-l' j AC - <t2350-l’ ; AD - M()62-9'. 











CHAPTER II 


TAHJHEOMEIRIC PLANE-TABLING. 

22. The or Telemeter is generally understood to /be 

a distance measuring th eodoli te, that is, a theodolite fitted with stadia 
wires on the diaphragm. A. great deal of work has been done by the 
Tacheometer, but it has this decided drawback, that the bearings or 
directions of the lines measured have all to be noted most carefully in a 
field-book and this has to be subsequently plotted, meaning extra labour, 
a double chance of mistakes creeping in, and no direct check in 
the field of the work as it progresses, which is possible with the 
plajQLSitable. The Tacheometric plane-table with its si^h^juile head ma^ 
be described as a g raph ic Tacheometer where the table is the lower 
plate, the §ight rula the upp er p lato. and the si ght r ule head the upper 
works with vertical arc telescope, etc. 

The stadia wires are usually engraved on the diaphragm so that 
the intercept on a staff viewed say 100 feet away will be 1 foot exactly. 
This is not quite true, except vMh the new internal focussing telescopes or 
with the addition of the auallatic lens, as there exists a small focal constant 
which will he treated of later. The advantages of this direct method 
of stadia measures are as follows: — It is quick and accurate. No 
destruction of property is entailed by dragging a chain through 
standing crops, gardens, etc. Measurements over the head of a crowd 
in a city street can be made by reading a 15-foot staff held high 
up. Mistakes in measures will be those of the surveyor himself. No- 
thing is left to outside agency, except the holding of the staff in 
required positions. 

A description of the instrument is as follows: — ^ 

^ Parts of the Si^htj mle hea ^. 

23. C. Standard or central pillar of instrument (see Fig, 6). 

cc, ‘ Two cla mp sc rews to clamp the sight rule head to the sight rule. 

J. Lower cross level. 

d. Screw for adjusting lower cross level. 

Slow-motiou screw for vernier scale and vernier arc level (H), 

a. Slow-motion screw for telescope. 



34 


CHAPTEB II. 


A. Vertical «... ...... 

e. Small capstan head antagouL^ttic screws for adjustment of vertical 
arc level. . 

F. Vernier arc^ ^ ^ 

’^E. Vertical limhor primary scale. , 

G. Upper level fixed on telesofrpel , ^ 

/, Adjustment for pai^Uax. ^ 

ff* Position of diaphragm. 

h. Telescope focussing screw. 

i, EyjB* piece. > , 

k. Object end of telescope. 

L Screw to adjust upper level which works on an inclined plane. 

m. Eye-piece to read vertical arc. 

w. Hinged brackets. 

/?. Sniall knob to pull out slide of sight rule 

A. Sight rule. 

B. Parallel slide. 

D. Telescope. 

24 . Adjust monts* — Set np the table and level it by means of 
its legs and fpotscrews with the ordinary type of carpenter^s level supplied 
separately in the box. The table will now bo nearly level. 

Adjustments for horizontal colUjQaation —This adjustment is 
to set the liofi^of^sight so that when the instrument is turned, end 
for enl, or has its “face” changed, the line of sight will be in the 
game plane or that the vertical wire of the diaphragm will intersect 
the same object on both faces with the same reading as with a theodolite 
(the sig h t r ule A with its slide B takes the place of the horizontal 
Jimb of the theodolite). 

Set the sight rule over two footscrews and correct the cross level J 
by the screw d and having obtained a fair level 'for the table and 
instrument, bring into view some di ant object like a rod or pole and 
clamp the axis of the table with the slow-motion screw beneath the 
table intersect the object on the vertical wire of the diaphragm and 
draw very carefully a straight Hue along the tidjidiiLisdg?. of the sight 
rule. The instrument in the first position used will be ^probably on 
face left (the usual working position of instrument) or, in other words, 
the vertical arc will be on the left of the telescope, Now turn the 
instrument end for end and transit telescope and set the sight rule edge 
again along the straight line. The instrument is now on the right face, 
and if there is no collinjation error the vertical wire should intersect 
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the object selected, if not correct half the error by the slow-motion screw 
beneath the table and half by the diaphragm screws. 

It is not necessary to obtain exaot horizontal colliination as with 
a theodolite ; indeed, it is not possible, as what is appreciable in the 
telescope is not appreciable on the plane-table since the least error 
in the drawing of and setting on the straight line, will make a decided 
difference in the telescope. Care should be taken during this adjustment 
to note whether the axis of the instrument is vertical at the time of 
sighting object, that is, that the cross level (J) is in the centre of its run. 
25. Adjustment for vertical collimation tacheometric 

plane-tgjjle head-— The methods of adjustment given for Theodolites 
hav^been considered complicated and tedious especially when through 
carelessness or ignorance both adjustments for levels H and Q have been 
disturbed. It is proposed here to first deal with the adjusting of the 
instrument when it has been placed on the board which has been carefully 
levelled by means of the separate ordinary level supplied in the box. 
After this levelment the footscrews should not be touched and the sight 
rule head should bo placed centrally on the table so that most of its 
weight is distributed over the footscrews. 

Align the telescope on to some defined distant object and bring 
bubble J to the centre and also bubble H, intersect the olyeot by 
using tangent screw “a” and record the reading. Next change the 
face^of the instrument by rotating the telescope through ISO” and 
changing the whole instrument end for end, bring bubble H again into 
the centre by tangent screw “6” and intersect object by means of 
tangentj screw n ” read and record the reading. j 

°Set the vernier to the mean reading by means of screw “ 6 ” and 
since this screw b, and this is important to remember in this instrument, 
controls the bubble H and not the line of sight, therefore any deviation 
of the bubble H will be corrected by the small adjusting screws ee 

Next make the vertical circle read 0» by means of tangent screw 
“ a ” and any deviation of the bubble G is corrected by its own bubble 
nuts when the line of sight will be horizontal. It will be noticed that 
the diaphragm has not been touched for reasons already given in 
Chapter 111., Part I. of this work. 

When the sight rule head is to be used ns a level and thus 
adjusted it is necessary to release the screws “co and place it on the 
three-winged bracket which supports the table. Having done this it 
will be found that two wings of this bracket are unoccupied on which 
the separate bubble suppUed, and already alluded to, can be placed and 
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the bracket thus approximately levelled first over two footscrews and 
then over the third when the footscrews should not again be interfered 
with and the adjustment carried out as given in detail above." 

If the bubble J has also been interfered with it should be adjusted 
over one footscrew and then end for end and have the error corrected 
by its own screws. If the separate bubble supplied in the box is also 
out of adjustment, it can be corrected quite easily on an ordinary office 
table by noting the position of the bubble in one direction and then 
in an endwise direction and half the error corrected by its own bubble nuts. 

When the instrument is used as a level and after it has been adjusted 
it will be found that the line of sight will be horizontal when bubble 
Q is brought to the centre by tangent screw “ 

Next with the telescope over the line of the footscrew selected 
but with the eye end of the telescope towards the operator, note the 
position of the bubble G, and if the bubble is in the centre of its run 
the axis of the bubble is truly horizontal ; if not, correct half the 
difference by the tangeuLsciew a and half by the fog ^grew and repeat 
till perfect, that is, till the bubble remains in the centre of its run, no 
matter in what position the telescope points. If the tangent screw a 
has been manipulated to correct bubble, the 0® will of course, no 
longer coincide, and the error will be one of the vernier which, as will 
be seen, will be adjusted later. 

(2) . With the bubble G in the centre of its run read to any 
mark on a wall or for preference a level staff ; next reverse or invert 
the telescope and turn the instrument through 180® (technically known 
as changing face) and bring the bubble G now lying underneath the 
telescope (new pattern instrument) to the centre of its run by tangent 
screw a and again read to the mark or staff. If the horizontal wire 
reintersects the mark, or gives the same reading on the staff the line 
of sight is horizontal, if not, half the error is corrected by the diaphragm, 
or for preference, the horizontal wire is set to the mean by the tangent 
screw a in which case the bubble G will no longer be in the centre 
and is to be corrected by the capatan nuts attached to the bubble. 

The 0° of the graduated limb will now be in a true position with 
reference to the line of sight and the bubble axis which have been 
made parallel to each other and are thus both truly horizonial. 

(3) . With the tangent screw b bring the 0^ of the vernier to 
coincide with the 0° of the limb, and if the vertical axis bubble H is not 
in the centre, unclamp the screw placed midway between the screws 
(in Fig* 7) and adjust the bubble H by the antagonistic screws ee of the 
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vertical arc ; adjust and reclaitip the screw just mentioned which makes 
this adjustment permanent. In the latest pattern instrument the adjust- 
ing screws ee have been replaced by a single screw, but the method of 
adjustment is the same as described. 

The instrument is now in perfect adjustment for vertical collimatiou 
so that when the bubble G is in the centre of its run the line of sight is 
horizontal, and when the vertical arc bubble H is in the centre of its run 
the readings to objects above or below the line of sight will be true 
elevations or depressions. It should be noted that any manipulation of 
the tangent screw b does not affect the line of sight in the telescope which 
is very convenient for work as when an intersection is made the bubble 
H can be independently brought to the centre, and the reading taking 
without any fear of the line of sight altering. The small bubble J at 
the foot of the standard should be made central by the screw d during 
the operations above described although any small deviation will not 
affect the adjustment. 

2d. The Stadia** — If D is the distance away of the staff, d the 
distance subtended on the staff and k the constant of the instrument stadia 
wires then , V 

= 4 -=^ = ^^ ^ 100 . 

/ 'i ToC 

Example — > o 

Let the readings on the staff for the two wires be 5*28 and 3*47, 
then d = 1*81 and D = 1*81 x 100 =181 feet. This holds good only 
if the staff and instrument are more or less on the same level, but if 
the vertical angle of the telescope is greater than 3° (there is no 
appreciable difference up to the quantity D will have to be reduced 
to horizontal distance, or HD, unless the staff could be tilted to be 
at right angles to the line of sight, but as this is impossible to any 
degree of accuracy, the staff is invariably held vertical and a correction 
applied as follows : — Fig. 9. 



* For tUforjr of leuKjg, etc., ApjwiKlix J 
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If the telescope is inclined and the staff is held vertical the number 
of divisions intercepted would be more than if the staff was held at 
right angles to the line of sight, and the angle through which the 
intercepted portion of the staff would have to move from the vertical 
would be equal to the angle of elevation or depression of the telescope. 
Call this angle d (see Fig. 9). The number of divisions read on the 
staff would have to be reduced by multiplying them by cos e, the 
distance thus obtained must be again multiplied by cos e, in order to 
obtain the horizontal distancev_jp 

Now D = d cos 6 y. k 


but 


or 


HD 

"d = 


cos 0 
HD 


C08 9 

HD == d cos* 0 X k. 

27. The Stadia focal constant* — Let AB represent the stadia 
wires on the diaphragm, and if lines be drawn from A and B through the 
optical centre 0 of the objecL-glass , such lines will cut the staff at B' A'. 
These lines are secondary axes If i represent the distance AB of the 
stadia wires aud^ s represeijj^t the interval B' A' on the staff ; then by 
similar triangles^ i : « :! f : (i where / =. the distance from the diaphragm 
to the optical centre of the lens, and d = the distance from the optical 
centre of the object lens to the staff A' B', 

By the law of lenses — -y (F being the principal focal 

distance). ^ ^ 

From the above two equations we obtain d = c 4- F. Now 


since D the distance from the staff to the axis of the instrument is 
required, the distance from tlie axis to the optical centre of the object 

glass or c must be added and since D = d + c.\ D = s (P + c). 

Now if the wires in the instrument are fixed or engraved on 
glass the ratio -y usually -y ^ constant, and if A' B' = 3 feet then the 

distance from the principal focus of the lens to the staff s will be 
300 feet, and the distance D from the centre of the instrument to 
the staff will be 300 -f (F -f c). (F + o) may be taken to be 1 foot 
as it usually varies from *75 to 1*25 feet, and since (F + c) is inappre- 
ciable on all ordinary scales of survey it need not be considered. It 
is for this reason that the a nallatic lens * has been omitted by the makers 
as the addition of such cuts out a certain amount of light which is 
not counterbalanced by any real gain in utility. 


* 11118 has been overoomelu the new luAla JPatte^n, 
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28. To obtain the difference of levels between ground level at staff 
and' the ground level of instrument, let y = distance on staff from line 
of sight to ground level of staff and x equal height of instrument (Fig, d). 
then difference of levels = HD tan 0 + .-r - y. The angle 0 will always ho 
the angle of elevation or depression of the moan reading of the staff 
or the an]^ ^f efevation or depre s sio n of the central stadia wire. 

Exanfple — Let the readings on the two stadia wires be 5*28 and 
3*47 (mean reading is therefore 4*38 and d -- 1*81), and the angle 
of elevation or dejmession be lu^^, height of instrument to telescope 
6 feet—^^ ^ 

then HD = cos- 10" x 1*81 x 100 
= 175*5 feet 

and difference of level = HD tan 10° *f — y 

= (175*5 X *176) + 5-0 - 4*38 
= 30*71 feet. 

This reduction to the horizontal distance and the method of obtaining 
difference of levels seems to bring in a lot of computation and rob the 
Tacheometer of its title as a time-saving instrument, but these reductions 
are easily obtained by two movements on a slide ruU invented and 
manufactured by Kern et Cie of Aaraii, Switzerland, as follows 



29. Slide Rule* — To find the redjiced horizontal distance place the 
ndfliL^line of the trajxnrafiX-.Q on the scale C to the diS’tance observed X 
100 and read Scale B opposite the angle of elevafJhn or depression of Scale 
A. In the above example place index to 181 of Scale C and read Scale B 
opposite 10" of Scale A = 175*5' (see Fig, 10) ; to find the difference in 
height between the telescope and the central wire (that is without taking 
into consideration height of telescope above the ground and the height of 
the mean reading above ground) set the a. sterisk of Scale D to the reduced 
horizontal distance, that is 175*5 of example on Scale C, and the index 
of the traverser G to 10" on Scale E, the traverser in this position will 
have its index on 30*9 of Scale 0 which is required to be known. ^ 
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The larger pattern stadia slide rule made by Kern is about 20 
inches in length and is more accurate than the ordinary pattern. The 
upper scale of the rule is for 360° and the lower scale for 400 grades. 
The slide has engraved on it the number which does for both the 
English and Swiss systems of measure. In the centre of the upper scale 
is found 0, to the left of 0 up to 45° is the cos^ scale, and to the right 
of the 0 is the sin cos scale up to 7° which is continued from the left 
of the rule to 45° of the cos*^ scale. 

One setting of the slide completes the operation. If the stadia 
reads 2 feet on the staff = 200 feet direct distance, set two of the slide 
at 0 of the upper scale. If now 20° was the vertical angle the horizontal 
distance will appear on the slide under 20° of the cos^ scale = 176’6, 
and the vertical height will be found under 20° of the sin cos scale = 
64-25. 

If heights are to be deduced from fixed objects it must be remem- 
bered that the distance of the object from the observer is taken off 
the plan and is thus not a direct distance or the hypotenuse, but 
the base of the triangle, and a tangent scale would bo necessary in 
place of a sin cos scale. For all practical purposes the above slide rule 
is accurate enough and the following would be the procedure : — Let 
the distance on plan be 200 feet and the angle 20°. Set 2 of the 
slide opposite 20° of the cos^ scale and read the difference in height 
opposite sin cos 20° = 72*8' opposite 0° of the upper scale will be 
given the direct distance or hypotenuse. 

30. Methods of Survey*— The following examples of survey, 
Plates 111. to VII. will serve to illustrate the use of the Tacheometric 
plane-table : — 

Plate 111* is a plan of a piece of country very common to India 
at an elevation of 1,000 feet above M. S. L. It might well represent 
the watershed portion of a catchment area for a tank irrigation scheme 
for which a preliminary survey on r,000 feet to the inch scale is 
required with contours at 10 feet interval, the Reservoir site being 
perhaps 10 to 20 miles distant down stream. To arrive at any degree 
of accuracy large area of country the following procedure should 

be adapted: — 

Having made a rough reconnaissance of the ground, D is found 
to be visible from 0 and E, and an extension on the base DE or CE 
in the direction of F is found to be practicable. A system of plane-table 
triangulation would meet with the requirements of the case, and from 
^ selected base, extensions should bo made in every direction to cover 
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the catchment area ^^pari passu* with the detail work. Let D, 0 and 
E be three plane-table triangiilation stations and let them be flagged and 
marked. On examining the ground between D and C two positions A 
and B are selected from which D and G can be seen. AB can 
now be made the base line. 

Set up the table at A, level it, and rotate the board to suit the 
convenience and direction of the work, place the magnetic compass 
on the board and at or near one edge of the board, pencil in the magnetic 
N and clamp table. Select a suitable position on the paper to represent 
A and mark the position directly beneath it Let a staff man 

be sent to B, sight B through telescope and intersect the staff on 
the vertical wire. Draw a line or ‘^raj” AB through the point A 
so that the ray passing through A is parallel to the edge of the sight 
rule* and produce the ray in both directions, or leave short guide 
rays (shown in Plate II., as '‘ray BA,” “ray A^,” “ray DA,” etc.) 

These gu ide rays are very necessary at the commencement of any 
work where expansion from a short base is made as they confine the 
azimuthal error. Through the point A, rays and guide rays should 
be drawn to the positions D and 0, and any conspicuous object on 
surrounding hillocks or on spurs, etc. Rays should be drawn, first 
the important ones, before any attempt is made at measuring the base, or 
taking angles of elevation or depression, because the slightest movement 
in awmiith or direction is certain to give endless trouble later ; in fact, 
it is a good principle to complete the drawing of rays by returning 
to the original setting and checking it. The vertical readings should 
next be taken and neatly recorded along the ray drawn to the station 
to which the height has been taken: then follows the measurement 
of the base line. 

The base line AB requires careful measuring, and this is best done 
by dividing up the line into two or three portions according to the 
length of the line. In the example AB may be conveniently divided 
up into three parts aA, aB, and 6B with an average interval of 500 
feet or so at which distance the staff can be clearly read to the second 
decimal place. With this in view a staff man is sent in the direction 
of B and is halted at “a” distance of 500 or 600 feet away, and 
readings to the staff for subtense distance, and a vertical angle to the 
reading on the staff equalling the height of the axis of the telescope/ 
are made. These are recorded and tlie table moved to position ft aa 

‘‘To ensure oorrect rajs, a very important precaution, keep the pencil at the same angle tturoughout thfl 
process ol drawing the line ns when drawing through the point A. 
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near jis possible between ^ A and B. Staff and a staff’ on'B are 
read in the same manner as at A, and the thia'e distances are reduced 
to the horizontal distance which is plotted alono the ray AB when 
the position of AB is found. 

The table is now moved to position B lu slln and (ir:*t roughly 
placed in azimuth, the plotted point B is plumbed over the mark at 
B, by unclamping the ‘^crow from which the plummet hang-, and shifting 
the board laterally; the board is then levelled and the iidug ial ed g(> of 
the sight rule is placed CKactly parallel to the ray and guide ray^ 
AB and BA previously drawn from A, the r)oint A is inter‘^(K*ted and 
the board clamped. The hoard is now in azimuth with reference to 
the initial azimuth taken at A. Slight to D ami C and hd rays and 
guide rays to D and C be drawn. The intersections of the rays 
from A and B to D and (J will denote the position of D and C ; 
the careful plane-tabler though, will visit D and iJ and also check 
them ^^inter se.” The ray work is completed at B when all the previously- 
sighted conspicuous points or such a> can be seen from B, are intersected, 
and a return is made to the sight on A to make sure of the board 
having kept its azimuth. Vertical angles to D, C and A are read 
and the table moved to position D or (J. Let position 1) bo next 
visited. The table is put through all the previously-explained movements, 
and the azimuth here is not only checked by the guide ray from A 
but also the guide ray from B. If these guide rays agree exactly 
with the intersection of the re-pective stations A and B po-itioii D 
may be accepted as correct, and if the ray'^ to C have also h{‘en carefully 
dj^awn C will intersect from D. Draw a guide ray IXj and take rays 
to E and^ F, intersect all conspicuous ohj(3cts and take heights, and 
the work at U is completed. At station 0 the table is put into azimuth 
by setting on the guide ray DO, and A and B having been checked 
‘and found correct, rays and heights to E and F and conspicuous points 
are again taken. A short visit to E is now paid so as to obtain a third 
ray to F and better cross intersections to intersected points. For example, 
the position of the tree lying within the triangle DEF is a little ambiguous 
till the cross ray from E Knally settles its position. The preliminary work 
so far is now completed, and the guide rays may be rubbed ouf, the 
heights of stations calculated, and detail .survey commenced. Tht3 method 
qOf deducing heights is explained in the reference made to the sli de riile "*^ 
‘v^hich' gives the difference of height between the axis .of the telescope 

' * If tlie H.D 18 be>on(l the limitb oi tlie slule lule the heigiiU should be calculated by taklnp" oti the H.l), 
■tr<l«n the plot and mwltipljiug the same b> the natural tau^reut of the angle and the correctioa tur curvature 
IkppUdd ^curvature « if' where d ^ distance m mileb). 
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and the point observed on, or the/object jptersected by the central wire } 
and if the value is denoted by j/and the heights of axis of telescope and 
point observed to above ground level by .r and y respectively, then 
difference of heights of ground level. = ± .c + {x-i/) (± according as 
the station, o'bserved to is above or below B, that is, an Elevation or 
Depression, from station over which the table is fixed). It is usual to start 
the detail work from the high ground and work down to the streams, and 
with this in view the table should he taken to D as a starting point and a 
staff sent to 1. (positions of table are shown in Plate in Roman numerals 
and positions of staff in small figures), the table at D is orientated or put 
into azimuth, and a direction and readitig to the staff at I. is made, and 
thus the position of 1. witli its rediuied level is known and plotted. 

The table is now moved to I. and placed over the mark, no exact 
plumbing of point over mark is necessary, as the orientating of board 
oniD is not necessary since K or F or some distant point is sure to 
be visible, and an inch or so error over the position at 1. will make no 
difference in the azimuth setting. Place sight rule on the plotted point 
1., and the point on the lioard appertaining to the most distant point 
seen and intersect distant object. j ^ 

Detail can now be put in by reading staveaJi ^'at he ads, bends 
and junctions of streams, bends of roads, etc., within reliable distance 
of the table. The distance as subtended of each staff is calculated and 
reduced on the slide rule and is plotted along the fiducial edge of the 
sitirliL rule ; the reduced level is then entered and del^l and contours 
dravyn in. No pencilling of rays is necessary, and with the new system 
of a. sliding parallel ruler fitted to t lie sityi^ile, the telescope may be 
observed from within an inch or sc of the station point, and the parallel* 
slide then brought to the station point and the >taff position plotted 
with a divider, thus accomplishing a great saving of time and at the 
same time conducing to cleanliness. 

Fimni"sTaTrdh^I,, let positions 1, 2, 3, 4, a and 6 be fixed and a 
rough delineation of the 1,000 contour be drawn in by sending a staff 
man back toward.s D— for example, if the height to the axis of the 
telescope is 5 feet and the reduced level of I. is 1,002 feet, then when 
the horizontal wire cuts the staff at 7 feet approximately the staff.distance 
subtended hy the stadia wires is read -md thus a point on the 1,000-' 
foot contour is found— and again hy reading the height of the instrument 
on the staff (5 feet) at, 6, 5, 4 and 2 and noting the angle, thei'iljjfe 
rule will give the difference in level when the 990 contour is fouhd; 
oTthe 990 contour may be fixed from station 11. Station 11. is found. 
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in the same way as station I, and the board orientated on the most 
distant point and the staft read at 7, 8, 9, 10, 11 and 12. Stations I, and 
IL have been fixed by ray and distance, and the magnetic compass so far 
has not been used. Suppose now at position 12 it was the intention 
of the plane-tabler to set up bis board and make it his station III., but 
on arriving at the position he fin<ls his view blocked in most directions 
so that he cannot see one distant point to set by, but on going to a 
position shown as station III. he finds that a distant point is seen and 
that also 12 can be seen. He sets up his table and orientates his board 
with the nfagnetic compass, this time reads the staff at 12 and plots 
his point or station III., and having found III. he adjusts his azimuth 
on the distant point if the compass variation has altered, (but any small 
alteration in the compass will not affect his short distance direction 12 
to HI.), so that this method of using the magnetic compass, when in a 
difficulty of this sort, is not inaccurate ; but a whole series of points 
or stations fixed by magnetic compass is not accurate, and is only to 
be resorted to when the jungle is dense and the traverse so plotted can finally 
be closed on a reliable fixing and checked. In such a contingency, if 
the traverse point and the fixing made by resection do not agree, and 
if the compass variation has been constant, the starting point and 
closing point of the traverse and all detail fixed by it, should be traced 
off on tracing paper and the adjustment made on the starting point and 
true closing point, and the adjusted detail pricked or transferred through. 

In PlHit6 III. we will suppose that many alternate stations have been 
fixed in this manner only because it was unavoidable but that wherever 
the plane-table was set up a check on directioh was made and at times 

a check on distance was also made by observing to 0, E or F. The 

cross ray from these stations should pass through the plotted point of 
station ; if it does not, a desirable spot should^be chosen close by where 
at least three points can be seen and a che ck fixing made lyiWiin the 
triangle by r^ec tion. The plane-tabler having arrived at station IX. 
finds, if^be continues down the stream, he will be without the triangle 
of^aify three of bis points, so he leaves the stream here till he has 
triangulated points further in advance and turns his attention to the 
other branch of the stream. He does not^twyajae back from IX. which 
would be a waste of time, but goes back to a suitable station or a staff 
position say No. 29, places a staff man and looks about for a good 
position where he can see a distant point and at least one other, if 

not two. Let X. be his next position of station where he putt up 

t^ble. He orientates bis board with the magnetic compass and readt> 
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the staff on No. 29 and plots his position, and the point thus found 
he sets on a distant point in case there is any compass deflection, and 
corrects his position if necessary by resection from one or more fixed 
points. 

If he had not read to No. 29 hut merely orientated his board on 
a magnetic direction, the chances are he would have had to solve a 
large triangle Chapter VI., Part I.) which is, except in the hands 
of an expert, sometimes a lengthy undertaking. 

There is yet another method of setting the board and traversing, 
and is known as the back and forward ” ray system when the forward 
station is set on to the back by g uide^ avs. but this leads to error if 
the lines are short and the station point is not exactly plumbed over 
the mark. It is used on larger scales and when distant points are not 
visible. The stations by this method must also be distinctly intervisible 
and a great deal depends on the sighL-XXiUy the coJJimation of which 
should be perfect, that is to say, if a ray is drawn to a point and the 
sight rule turned end for end and laid on the ray the same object 
should again be intersected when the telescope is rotated vertically. 

The plane-tabler continues his work towards A and B eventually 
closing on A, and he has now filled in the detail more or less between 
BAD and the junction of the streams. 

Froi^ A he can proceed in the direction E putting in the remaining 
unsurveyed portion of the main stream closing on E, and then returning 
directly tovvafd^C and surveying the small feeders and putting in the 
watarahed, and when completed turn his attention to the other branch 
and work from station V." and close on D, etc. In surveys of this 
description it is presumed that there is a staff man working on each side 
of the opergdio^, that is to say, there are at least two men on this class 
of work, and probably three. To work with more than three, would be 
a waste of time and might lead to confusion in the staff men’s duties. 
To work with two men would be sufficient for the beginner. As a com- 
parison in time — with the tacheometric plane-table 4 or 5 points with 
reduced heights would be obtained as against one chained distance with 
the chain and plane-table. If the work is inaccurate with the tacheo- 
metric plane-table the operator has only himself to blame, whereas chaining 
done by illiterate khalassies is a fruitful source of error which means 
loss of time and temp^. On the one hand, the true horizontal distance 
and a reduced height is found by a slide rule, on the other a direct 
distance along uneven ground is found when the plane-tabler makes a 
rough calculation and reduction to true horizontal distance. I bis eal^ 
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culation cannot be anything but rough as no correct allowance can 
be made for the sag of the chain under such conditions. There is also 
the distinct advantage with the new method of reading and giving a 
distance to a [)oint on a contour. The surveyor who has had to follow 
a chain laboriously dragged from point to point along the edge of a 
steep piece of ground very often through dense intervening undergrowth 
or from spur to spur, down and up steep inclines and over rugged 
ground, will api)reciate an instrument that will give reduced and true 
distance across obstacles of this nature and the staff man when proceeding 
to the next point can halt at detail and have his staff read. Again, 
the staff need not be on the ground but can, if hidden hy undergrowth, 
be held up vertically above a man’s head, though a Sopwith’s telescopic 
15 feet staff should be ‘sufficient to defeat all such contingencies. The 
best plane-tahlers, except when working on very small scales, resort 
to the chain a^ a quick method of picking up intervening detail, and 
also as a quick aid to fixing and more often, if a fixing hy resection 
is not possible, in the hope that his chained distance will supply the 
requisite data till such time as ho finds a suitable spot to fix in and 
close his traverse. A di^^ice measur(>r fitt(‘d to a si glit rule which 
has a telescope fixed to it and a giaduated staff suited to the scale of 
survey, must he immeaMirably >iipcrior to the ordinary sight rule and 
chain, and must be a distinct advance on the older and less accurate 
method. Piate 111. thus illu^tiMtes a system of plane-table triangulation 
and detail work on a scale, which pei haps small to the Engineer, 
and which scarcely brings out all the adv.inrages of the Tacheoinetric 
plane-table as contours at 10 feet interval lequire only a rough levelling. 
It is when the Engineei has to survey on a large scale and do contouring 
at 1 foot interval, say of his Reservoir basin, in order to find the cubic 
capacity of water impounded by a certain height of weir that the tacheo- 
metric plane-table shows up in its true light as a valuable survey 
instrument. 

31. Plate IV. is a piece of riverain work on a scale of 500 
feet to the inch with contoins at 1 foot intervals. The plane-table 
stations are in Roman numerals and staff stations in small numerals, 
which, when followed consecutively, will show^ how and from which 
stations the detail has been surveyed. Heights of stations are reduced 
levels to the second jilace of decimals, so also some of the heights near 
the water level ; the heights to the remaining points need he only to the 
first place of decimals to delineate the contour and need not be iieces- 
swly inked in unless the rises and falls are very marked. This i)late 
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would also serve to illustrate a survc^y of a basin area if the high bunds 
or einbankiuents were imagined to he the line of separation between the 
flat and high ground. 

liet the table be set over bench-mark and a [loint on the 

paper selected and marked 1. to represent the position of the IkM, in situ. 
The table should be levelled and the axis of the telescope from the B.M. 
measured and recorded to the si^eond place of decimals (the height of 
the telesco[)e to underneath portion of the table is always a constant 
quantity and it is only necessary to measure the height from the 
station in shu to the table). The board is now <et to the given azimuth if 
any or to Magnetic N. and tin' staff on stalion U. is read for subtended 
distance and direction only and plotted and accurate guide rays are 
drawn. A height is not read to II. as the diffeience of level is greater 
than the length of an ordinary levelling statf {.'see Plate), and a reduced 
level by the sl ide ru le is probably not accurate enough to two places 
of decimals so tor this station recourse is made to an intermediate staff 
being read to, jii.st as in ordinary levelling, and the pl ane-tab le again 
set up in a convenient p().sition so that the difference of level is read on 
the staves. 

If neces.sary station II. could be read direct for reduced level, and 
the result compared with the levelling method employed to make sure 
that no mistake has been made, but it can only serve as a check and 
not as a value from which a moan could he deduced. Having found the 
reduced level of il. the })lane-table is placed over station II. and roughly 
turned in azimuth so that the plotted point II. can bo plumbed accurately 
over the mark and levelled. If this rough orientation had not been 
made and the plotted [loiiit first plumbed, then when the board is put 
into azimuth the point will no longer be over the station mark. No 
distant point being previously fixed, the survey must be carried on by 
the back and forwaid ray” traverse system, in preference to magnetic 
comjiass setting, which is, as has been explained, accurate if the distance 
between stations are not too short for the scale, and if the plumbing 
of the board is carefully done, stations iiitervisible, and there is no 
colliination error in the sight rule. The coll imat iun error in thi» sight 
rule can he reduced to a minimum by the method already given. The 
sight rule is placed along the guide rays I. to II. and station I. is 
accurately intersected and the table clumped. 

A statf man is sent to position 1 on small island and is told to leave 
an impr*ess of his,.staff there. A reduced level to two places of decimals 
is made and the position of 1 plotted. The reason for this is that this 
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reduced level and position will act as a closing check from say station 

XII. 

The detail is surveyed in the manner already explained for Plate 
III. using here the back and forward ray with guide rays for setting, and 
the work is checked at station XII. on position 1 and continued to XIII., 
and probably again checked and closed on position 10 . To obtain the 
same plan with reduced levels a level would have been necessary, and 
with the ordinary plane-table and sight rule accurate chaining across 
water would have been impossible. The levelling would take an extra 
day to do, and it would then have to be subsequently plotted. The 
numerous points fixed by the tacheometric plane-table would, under the 
old system, require flags placed so that they could be intersected from 
another station or two or more to be really accurate, and the chances 
are a second view might not have been obtainable, and the position of 
flag abandoned without considering probable confusion of flags. The 
saving in time and therefore the saving in hired labour would soon repay 
the initial purchase outlay of the new instrument the cost of which, at 
present, is the only objection to it, but its apparent prohibitive cost is 
as nothing compared the savings it must make before even it has lost 
its first polish and shows signs of a little wear and tear. ^ 

32. Plate V- is part of a plan of a Revenue or a C 'ada stral Survey 
showing fields. 

Ti T 2 T 3 T 4 T 5 and Te are theodolite traverse stations along the outer 
boundary of the village, which boundaries are invariably traversed by 
a theodolite, and a record kept lor future reference, so that if marks 
are removed and disputes arise as to the ownership of land, the boundary 
can be laid down from the field-book. 

The subsequent surveying of the field boundaries need not be again 
explained, as the reader now will be able to understand how the different 
points have been fixed and the accuracy of the survey checked. The 
Roman figures represent the positions of the table and the small figures 
the positions of the staves. 

33 . Plate VL — The triangles and lines in red show the system of 
triangulation carried along the river Ram^anga of the Sardah-Qanges 
feeder scheme. The tr iangu lajdon in this case would have been plotted 
by rectangular co-ordinates as the series was a fairly long one, but if 
the plate, as given, had been the full extent of the survey, it would have 
been necessary only to have plane-tabled those positions as explained for 
Plate III. A system of levelling has also been run from station to station, 
and the leveller has left here and there pegs on bis route to be ao 
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ad(]itional check to the plane-table heights. The&e are shown on the plate 
to the second tioure of decimals. 

% o 

Let it he siip[)osed that detail work up to the line 13 0 has been 
already completed, and that the next piece ot country to be taken up 
conveniently from the camp is the stretch of river lying between the 
points 13, C and 1). The table is put up at B and for purposes of the 
scale need only be roughly centered at B. Since B is a triangulated 
station the points 13, (> and A are visible. Select the most distant point 
and let it he C. l^lace the sight rale edge along the line BCl and unclainp 
the table, and twist it so that the point (5 is intersected in the telescope. 
The table is now in azimuth or in true orieiihitipn. 

The surveyor is now ready to commence his work, and staft* men are 
sent out, and the po'^itions 642 6, 64L*t5, 640*5, 641 0, are fixed and the posi* 
tion of the low ridge running NNE is also found. He finds he has no more 
work to do at 13, and as he might lecpiire his magnetic direction, he puts 
on his compass* and marks the edge of the compass box as his direction 
of magnetic north. x\s he wishes to travel in a north-easterly direction 
with the probability of not seeing more than one distant point, the staff 
man at 641*8 is not moved. We will suppose that i position (shown as 
1. in the Plate) is ^elected and that 1) can be seen, also A and B, 

The surveyor can thus obtain the tine position of 1 by resection or 
what is usually know'ii in India as a '‘fixing.” He is within the triangle 
BAD, so the true position will be within his triangle of error, if any. To 
solve this triangle by the usual method would be a waste of time under 
the conditions, and wdiat he shouid do is to put on his compass and', 
orientate his board till the needle is steady at magnetic north, when 
the point 641*8 is next sighted and read, and his position plotted from 
641*8. The point thus found for 1 should be used with D to correct the 
azimuth of the board in case the magnetic compass gave a variation and 
the position of 1 can now be cheeked by resection from B and A. There 
should be no difference for even had the variation altered much it 
would scarcely aff’ect the short line between the position 64P8 and 1. 

At station 1. the staff' men are kept busy as there is a good deal 
of work to be done here. On completion ot the work at 1. the plane- 
tabler finds that before he can move his table northwards it is necessary 
for him to make another station to the east. On this occasion he keeps 
one staff’ man at 641*0 with the instructions to halt there till he is given 


The 'bt^mpasb supplied by Keni is wluit the uiaunfaetuier calls a deelinaticii compile's The lieetile is '?ix 
inches Ioiik, is vef> sensitive and beuvitiUilly balaucetl and should not be unclumped except on tbf tubi^ 
after Itliwfe been uppig.\imateiy levelled, 
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orders to move, and be uses the staff man at d40*4 to find his position 
2 exactly as ho did in the former case in finding his position !• 

Now at position 2 he probably sees the point A to eheck his 
azimuth, but in case he does not, he can accept his magnetic compass 
direction as ho is not goin^ to use *2 to continue his travel se, and any 
points he fixes from two will not be affected by a slight deviation in tlie 
compass. The surveyor now selects the level peo with the value fi4M7 
and finds his position from point fi41*0 and checks it if possible. He 
reduces his height iioni ()41’0 and checks his height and correct it if 
necessary by the height given by the le y e|| | i?ji.„ He continues in this 
way and closes eventually on (J, checking his position and heights wherever 
possible, and having an intermediate staff to obtain an approximate 
position by, and thus being always a convenient distaiice beyond the 
jjosjtigns fixed from the last station. ' ' ' 

34. If his table were not set up at alternate stations as might 

happens in dense jungle, when the back and forward ray system would 
have to be resorted to, only half the quantity of work would be pos.'sible. 
At C the surveyor returns eventually closing on his own work at station 
4 making a to station 11. 

35. In the same way, a cantonment survi^y can bo made on a 
the^dolke^iraverse as a basis and corners of buildings and comjiounds, 
the position of lamps, drains, boundary marks, hydrants, etc., can be 
fixed on the plane-table. Standing crops and privaTcT" gardens are not 
damaged as they would be with a chain dragged from point to point. 
The staff held above the level ot the heads of peojile in a crowded 


thoroughfare would be all tliat wa-^ necessary to fix a street corner, and 
further a complete system of reduced levels would be forthcoming. 

36. Stress has been laid on the desirability of keeping the board 
in correct azimuth because there is little or no error in the distance 
which is a horizontal one, and which is tacheoinetrically obtained, pro- 
vided the staff is held within the distance of the lens power of the 
telescope, and too long shots are not taken to get over the ground 
quickly. In traversing with the theodolite and cjiain in fairly level 
country the angular accuracy is more or less balanced by the chain 
accuracy, but in hill work this balance does not hold good unless the 
chaining is done scientifically as on a base line. The distance the chain 
measures is in excess or defect (excess generally) of the true horizontal 
distance. The excess in one direction becomes an angular correction 
when the traverse assumes, say, a direction at right angles to the 
former one, and so the dosing error of such a traverse is a fictitious 
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one. As most of such traverse work is, in India, carried on in forest- 
clad hills where triangiilation is impossible except to serve as a tie to 
the theodolite traverse, and since forest fire lines exist the tacheometric 
plane-table should be adopted, each plane-tabler doing a recognised block 
bounded by fire lines and working on the basis of part of a theodolite 
traverse joining triangulated points if available on the ridges which are 
usually fairly flat. A good series of heights as a check to contouring 
would also be carried on pari passu with the traversing. 

A theodolite traverse on the ridge is unnecessary if the block is not 
to be geographically fixed. 

.37. Onlv the bare outline of the possibilities of this system of 
plane-tabling has been touched upon, and the reader will find in Chapter 
VI, Part I., fuller details. Every plane-tabler learns by experience 
many short cuts, and it is left to him to discover them and perfect his 
knowledge in this class of work, and before closing this chapter it 
would be as well to give a few further hints on pl ane-tablin g in general, 
and the difficulties that have to be met when working with imperfect 

O' 

sight rules and on f)lane-tables made of unseasoned wood. 

Pla ne-tablin g is usually based on triangulation or traversing, and 
the paper on which the survey is made should be pasted on cloth and 
the cloth on to the hoard and left to thoroughly dry before the computed 
points are plotted, care being taken that the hoard is not wetted. The 
ordinary plane-tables are made up of three pieces of pine with grain of 
wood in one direction braced underneath by two battens of teak running 
laterally with slot holes to allow for expansion and contraction, usually 
contraction, since during the rainy months and at night the wood 
absorbs moisture and becomes swollen, and this moisture is given oflf 
in the dry season and during the heat of the day. The uneven contrac- 
tion in one direction, breath-wise generally, renders the best triangulation 
or traversing useless directlv the board begins to give, and the only 
way to surmount this difficulty is to spend one to seven days, according 
to the scale and area of country to be surveyed, in visiting fixed 
stations and points in different portions of the board, and from them 
cutting numerous auxiliary points, so that no part of the board is left 
without points 2 to 3 inches apart. As long as the surveyor finds, during 
this preliminary work, that his distant points are correct, he can conti- 
nue working with all and any trigonometrical data, but when he finds 
distant points disagreeing, then he must reject them and confine himself 
to his near points only. In this manner he breaks up his triangulation 
into smaller triangles, aud when he feels that his board is ‘‘giving^’ 
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he must use only close points to work with and neVer attempt to set 
on or cut in a distant point. This compulsory hemming in of work 
robs plane-tabling of its greatest charm, and prevents the surveyor taking 
long shots to distant peaks, prominent temples, trees, rocks, junctions 
of streams, etc. ; and what is worse the examination of his own work 
from a prominent point which is always a pleasing occupation. 

A plane-ttablg^ made of four pieces of good pine (Linden wood pre- 
ferred) set into a frame of hard wood, the grains 
of the pine to run crosswise, vide sketch, is suggested 
more or less an etficient and cheap way of getting 
over this difficulty, hut nothing short of an aluminium 
table as nearly square as possible, will obviate the 
difficulty of slew in the plotted points. 

If the sight^'ule is of the plain ordinary pattern the wood should 
be of the best straight-grained seasoned wood procurable — boxwood is 
as good as any and does not sweat and leav-e unsightly marks on the 
paper. The line of sight through the sight vanes should be parallel 
to the fiducial or working edge of the ruler, and if it is not so, the 
back and forward setting of a ray will not be the same. If a sight rule 
has warped, only a selected portion of its edge should be used for 
drawing rays and the work examined by the same rule. 

The following de>ign^ is recommended as it can be adjusted for 
collimation, and the sight rule need not be held against the pencil or 
pin over the station point for drawing rays It is made of electrum 




with a narrow parallel attachment jointed so that it can be 'adjusted 
to the lin^^jot^^ghi. The parallel attachment can be removed if damaged 
or exchanged for an extra edge carried in the box. The sight vanes 
are strongly hinged so that they can be closed down, and both rules 
have a button attachment, one at the point of balance to lift the rule 
by and the other for the parallel slide, besides a small bubble to set the 
table into fair levelment. \ 

* ludia pattern maniifnc^urod bj K, R Watts and Sdij, Loudon 7 la* College pattern is made ot boxwood 
aad instead of tlie engraved scale a ujagneiic compass ih fitted 
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38. The plane-tabler should not he in a hurry to start his detail work. 
He should first \'isit as many fixed points as possible, check them and 
then spend a day or vso, according to the scale, in fixing supplementary 
points. He should avoid Working ‘‘without the triangle” and rather 
than do so, he should endeavour to fix a point outside his work so that 
he will be “ withiit the triangle” in fixing. The solution of a fixing 
“ without the triangle ” i^ correct in theory, but the slightest warp in the 
table may give a grave error, and thi«! cannot happen to a fixing “ within 
the triangle” as either the triangle will not solve or the error is confined 
to a very small quantity. In most cases the fixing without the triangle 
is ambiguous and therefore should he avoidetl. * For quick work in 
open or tairly open country tiie h'‘st system is, after obtaining a fixing 
from a known station, to start the chain men measuring on to an^ 
distant conspicuous object f which need not be a plane-table fixed object) 
in the direction in wliich the work lies and to take a ray to the object 
selected. The chain should be halted at detail, and a position along 
the chain selected where at lea^t one distant fixed point is visible and 
probably one or two close ones. He should note the d instance measured 
and plot along the ray. He now orients the board by any distant 
fixed point and intersects by a Glo>e point ; the intersection will be 
a check on the measured distance. If more than one close point is 
visible and there is no rea^on why there should not be if the [ireliminary 
work has been properly done, the chained distance plot now becomes 
a reliable fixing. Directly the position is found, the chain men should 
be started on the next line and with a little experience, they will halt 
at likely detail and wait, the plane-tabler in the moan time busies himself 
with the detail near his board. 

The chain is therefore only a means to an end, that is, quick- 
fixing, and the work is not dependent on chain measure except perhaps 
on an average of one or two stations in every ten, but even so the 
very nej ^t j ^osition will probably ^rve as a check. On small scales^ 
this system is advocated so long as the surve}or has one fairly 
disttint point in view at each station which need not be the same point 
every time. Working up and down inclines on this system of accepting 
the chained distance and setting the jilotted (loint thus found on a 
distant point for azimuth, the horizontal distance need not he calculated 
if a close-fixed point to the right or left of the line I'j forthcoming from 
which a ray is taken. The iniei^ection of this ray with the previous 
one for direction will give the true point, that is, the chained di>tanco 
will now be reduced to horizontal distance. The board is now corrected 
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for azimtith by the acceptance of the new or true point, and this slight 
alteration of the original setting will not affect the cross ray, but if 
it does the grinding-down process can be continued till no alteration 
takes place. It is better to put up your board and find a position 
by this method in the midst of your detail than to waste time, say 
50 or 100 yards away, looking for a suitable spot to obtain a fixing 
by resection ; such a check may be made later if there is any doubt 
about the accuracy of the chained point. 

39. Pencil work should be of the finest and with the best bird 
graphite pencils ; the pencil point should be kept sharp by repeatedly 
rubbing it on a piece of sand-paper,* a strip of which can be glued to 
the legs of the table. When a pencil works soft, as it will do in hot 
dry weather, a new one should be cut and the old one put away for 
woidv in moist weather. Good soft rubber should be used which will 
not destory the surface of the paper, thus ensuring good ink work latter. 
A spare piece of rubber should always be carried. The pencil held 
upright on its base should be used to pivot the sight rule on when 
taking rays, and as the exposed lead will make ugly smudges on the 
paper, tins should be wormed out with a penknife. 

Avoid deep pin pricks an<l unsightly holes made with the dividers 
in plotting distances. Pencil work which is not final should not be 
inked in as erasures are not permissible. Eye-contouring will be donf 
by taking heights at intervals wutli any of the ordinary instruments 
usually used, among which the survey pattern clinometer or tangent 
clinometer is recommended as accurate, but which cannot, of course, 
compete with the rougliest levelling or the heights obtained by the 
Tacheoiuetric instrument based on ordinary levelling and tria^igulattion. 
The surveyor shouhl thoroughly satisfy himself that he has completed the 
work at a fixing before leaving it, and as he walks from point to point 
he should take note of every twist and turn, may be in a stream, pathway, 
or road so as to be sure that nothing has escaped him or been omitted. 
He should- observe the different asp^ts, that objects have from different 
views, and while he is at work his mind should be concentrated on it, and 
bis aim should be extreme accuracy. He should train himself, when 
walking, to judge distances so that he can arrive at a good approximation 
of the distance away of an object on his map. Too much stress cannot he - 
laid on eye- training. The faculty for judging distances, combined with 
good draftsmanship, is the essence of plane-tabling. Pla»e«tahliug is 
an art not to be learnt in a day, and perfection is only reached after 

* Winsor Newton sell blocks of sand-paper winch can be iml for this purpose. 
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months of steady toil very often under the most trying conditions, hut 
sufficient can be learnt in a very short time to answer all the ordinary 
purposes of an JCn^^ineer. 

40. Surveys of juifljejcis and schemes likely to change the features 
of a large area of country should be based on Survey of India data 
which cjin be had from the head offices of that department. No depart- 
ment can be expected to accept work for incorporation in its maps if 
the basis of the su p^ey^ is not above re proach , and the crudest survey 
on a large scale, when surveyed on a correct basis, may be of service 
when reduced to a small scale. A project or scdieme should be based 

or connected at intervals on Survey ot India data, and a ^^ridiion 
or simple system of triangiilation run by the Engineer as a basis for 
his plane-tabling work. This triangulation need only be comjiuted to 
the value of >ides and the sides plotted by arcs by means of beam 
coiufrrtsses to obtain the third station. Every station should be levelled 
to, and level values left at intervals here and there between stations 
to act as a further check, if fairly exact reduced levels are required. 
Any datum value can be accepted for the starting stations of the levelling, 
and the difference recorded on each map when the levelling has been 
closed on either G. T. levelling or a bench-mark obtained from G, T. 
values. The height values given by ISurvey of India triangiilation cannot 
be accepted as correct, and are only approxinrately so to within five 
feet, although the a[)proximate value, as given, could be accepted for 
the initial station when the difference on closing on a B.M. would not be 
so great as to make the correction an unwieldy figure. 

To enter more fully into the matter we may presume that an Engineer 
possesses the standard map or maps of the area over which he is to 
work, and also has a copy of the Auxiliary tables of the Survey of India 
which contains the information he must need for projecting and plotting 
his sheets. He subdivides his standard map into convenient squares 
or gr aticules ” of latitude and longitude to suit his scale, and projects 
on a piece of paper a giaticule for each section of latitude (3' 45'* or.^^^^th 
of a degree for 4" scale, T 52^-" or ^ degree for 8* scale, and so 

forth). This piece of paper can be used to prick off any number of 
sheets for the same parallel of latitude. By subdividing this graticule 
and making scales he can plot the values of triangulation supplied him 
by the Survey of India. He proceeds now to break down his triangulation 
by a smaller system of his own, or if the country is open enough 
and he has further trigonometrical data to connect to, by a system of 
plane-table triangulution, The leveller may accompany him on this preli- 
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ininars^ work so that ho can an idoa wlu-ro iho .station points are 
and vvliere other interino(liate stations aro ro<juirofL 

This is the host and most sciontitic wav ol' workin;^, hut in tlie 
event of trigonometrical points as fixed on the standard map, havinc 
too long a side ui/(^r .s-c so tint points as a rule would fall off the size 
of paper used foi the seal(‘, one point only could be taken and a base 
measured and (he diiM'ctioii of tlu‘ base tix(‘d either liom (rue or magnetic 
north. This would give the Hr^t tuo p >ints of the survey one of 
which has a fixed valu(‘. The initial diieetion tak(m must not be again 
altered, since the position of point'^ ai(‘ in tin* future plotted by distances 
only, and since thi>' is m) tin* triangles should be as nearly a^ possible 
equilateral. 

This triangulation should be connected w liei e po^sibh' to any other 
trigonometi leal data, or tiie [dane-tahling based on such tnangnlation 
should endeavour to pick u}) such data. The survey work could bo 
then utilised for correction of the standard map, and the engineer 
could see how he is progressing by plotting bis work on a smaller scale, 
and fitting it on the trigonometrical data previously siqiplied. 

AVith the hints given it slionld not lie a difficult matter for the 
beginner to start work, and it mu^t he remembered that progress at 
the beginning will be slow, but steady application and an awakening 
interest in all the possibilities of this art of surveying will make the 
long day short and work a pleasure, buch methods as chain and compass 
with field-book^', etc., will ^eem as mere stepping stones to higher 
things, and the sU^i method combined with top(^raj[^hiciiI methods 
may be said at the present day at least, to be the last word in delineating 
ground. 

41. Plato VII- is a piece of woik done in moderately difficult 
ground to serve as a check on work by students, and the reader should 
notice that the triangulated points are those worked out in Chapter I. of 
this book. Plate VIIl. is that of a staff suggested for this class of work. 
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42. The Gradient-Telemeter LexeiV- In this instrument, 

11 . 


made hf C. F Oasella and Co., ’^London, as shown in th^illustration 
above, are embodied, by an ingenious construction, all the means necessary 
for taking gradients, measuring or setting out distances, and 
Obtaining differences in level, all of which are performed, in an 
extremely simple and rapid manner, by one and the same observation. 
With the Gradient-Telemeter Level the necessity for using a chain or 
tape is entirely removed, and as the operations are performed with 
singular accuracy, rapidity and ease, a much greater quantity of work can 
be done in a given time compared with the usual methods employed by 
surveyors and civil engineers. 

The linear distances can be obtained far more accurately than with 
the chain, and this regardless of rough and broken ground, or the 
existence of a stream or other water, between the obs^ver’s station and 
the distant object. 

A marked advantage with this instrument, and one that renders it 
singularly attractive when employed in the field, is, that there are no 
calculations to be made in connexion with its use; there is no fine 
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micrometer screxc to work with its certain errors and elaborate calculations ; 
there are no moving etched or spider lines which soon get broken, thus 
rendering the instrument useless until it can be returned to the maker 
to he set right : but, by a simple revolution or movement on the axis of 
the instrument and an observation through the telescope, the gradient, 
distance, or difference of level, is at once obtained. 

43. Description* — The horizontal limb or circle immediately 
below the stage has engraved upon it a series of gradients, both of 
rise and fall^ 1 in 500 to 1 in 24. On the i ndex being set to zero! 
it is an ordinary level and can be used for all levelling purposes in 
the usual manner. All distances obtained with this instrument are 
horizontal linear measures whether measured on slopes or level 
ground. 

To put instrument into gradient adjustment measure a distance of 
200 feet or 300 feet on level ground, and set the instrument to zero 
and take a reading on a staff held at the end of the correctly measured 
line. Move the index to 100 of the gradient graduation and again 
read staff*. 

If the result is not the same as the length of the line the index 
can be moved so as to increase or decrease the value. The inde.x being 
set for this particular line should be correct for all readings of the 
instrument. 

The following are the gradient pairs, which, when used, give by 
the difference of readings on the staff’ multiplied by 100 the horizontal 
distance away of the staff from the instrument : — 


100 \ 

66|1 

(50 1 50 ) 

33 1 

25 \ 

20 \ 


1 

50) 

40 / 

37 1 ) 33^ f 

25 f 

20/ 

f 

llj, f 

10 ; 


or again, if a gradient and its half is used, the distance intercepted 
on the staff multiplied by the figures of the higher gradient used 

gives the same result — that is, if | ^5 } 

distance intercepted on the staff* = 2 5^7 then A i ^ 50 x 2’97 = 148*50 
feet. 

To obtain the difference of height between the telescope and a 
particular reading of the staff’ intersected by the horizontal wire, it is 
required only to multiply the A / d by the gradient (taking the gradient 
as a fraction). 
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To illustrate this let us consider two cases — one of a “rise” and the 
other of a “ fall ’’—with the above example. 

Case 1 (fall;. Fig. 12. Case 2 (rise). 



'7 

Cane 1. — With gradient 50 let the reading on the staff be a 5‘00' and 
with gradient 25 let the reading on the staff be 2 03', then the h I d 
= 148'50' and height of reading 5‘00' on the staff’ below telescope 
~ 148‘50 X j'o = 2’97' ; therefore ground level of staff below telescope 
= r97' + 5‘00 = 7'97'. 

Again, height of reading 2 03' — 148‘50 x =■ 5‘94' below teles- 
cope : therefore ground level or foot of staff' = 5‘94' + 2 03' =* 7*97' 
below telescope which is the same result as obtained with gradient 50. 

Case 2.— With gradient 25 height of the staff at 5'00' = 148'50 ...h 

= 5'94' above the axis of the telescope ; therefore the height of the ground 
level of staff above axis of telescope = 5’94' - 5‘00' * '94' and similarly 
with gradient o J. 

From which we obtain the following rule if .c ■= height of telescope* 
(axis) above ground level of station over which instrument is placed, y = 
reading on the staff and c = difference of height between axis of telescope 
and staff reading, then- 

ground level at instrument + s; — y ± z = new ground level of staff 
|± i according to 

Kmmple—hbt ground level of instrument or station point oer 
which instrument is set — 1,000' and let -i- - 4’00', 

'Then ground level at staff' with gradient 25.' 

in Case 1 = 1,000' 4- 4-00' - 5 00' ^ 2-97’ = 99d-03', 
in Case 2 = 1,000' + 4 00' - 5 00' + 5 94' * 104 94’. 


* Tliii 18 eaeily obtained by means of the plummet with tape atmolimcut supplied with the mstrumeut. 
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CHAPTER in. 

PRACTICAL ASTRONOMY. 

Introduction— Spherical Trigonometry. 


53. Definitions. — A sphere is a solid every point of which is 
equi^stant from a certain point within it. This point is the centre. 

A diameter is a lino drawn through the centre of the sphere and 
terminated at its extremities by the surface ; a radius is a line drawn 
from the centre to the surface. 

Gv 4 ettr^rcles are those whose planes pass through the centre of 
the sphere, all others are small circles. The diameters of great circles 
are diameters of the sphere, and the diameters of small circles are 
not diameters of the sphere. 

A line passing through the centre of a sphere and perpendicular 
to the plane of a circle of a sphere is called the axis of that circle. 
This line is limited by the surface of the sphere, and its extremities 
are known as the j?oZ^of that circle. 

The distance of tivo points on the surface of a sphere is that portion 
of the arc of the great circle passing through the two points intercepted 
between them. A spherical angle is the angle at a point on the surface 
of a sphere formed by arcs of great circles passing through the point 
and is measured by the inclination of the planes of the two circles. 

A spherical triangle is a triangular figure formed on the spherical 
surface of a sphere by arcs of three great circles each of which is 
less than a semicircle. As its angles are angles contained between 
the planes or are solid angles the triangle may be imagined to be a 
solid triangle for purposes of demonstration. Again, as the sides of 
a spherical triangle are arcs of great circles of the same sphere their 
lengths are proportional to the number of degrees contained in them, 
and hence these sides are usually calculated by the number of degrees, 
minutes and seconds they contained or subtend at the centre and are 
expressed in angular measure. 

54. Formulsd. — From the foregoing definitions it will be under- 
stood that Spherical trigonometry treats of the ratios between sides (arcs 
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of great circles) and angles of triangles situated in three or more planes 
inclined to one another and passing through one point, (the centre) and 
as p^ane trigonometry treats with ratios between angles and sides of a 
figure in one plane, it might be said that spherical trigonometry beara 
the same relation to plane trigonometry as solid does to plane geometry. 

The spherical triangle to be dealt with in this chapter is the spherical 
triangle PZO, where P is the pole, Z the zenith and 0 the object (sun, 
moon, planet or star), and if the earth is considered as the point where 
the planes of the spherical triangle meet, these planes are imagined to cut 
the surface of a great sphere (the celestial sphere) in three arcs of great 
circles and lines joining these points to the centre contain what is known 
as the solid angle. 

By definition, these arcs, by their inte»*section, will form the spheri- 
cal triangle PZO the sides of which are expressed in angular measure and 
the angles are those contained between the planes. 

To prove some of the formulae useful for astronomical work as 
required by the engineer and top ographi cal surveyor it is intended to 
simplify the theoretical part by the use of solid geometry by which the 
solid angles are reduced to plane angles. 

^ote . — It is necessary that the reader should understand that in solid geometry 
a certain system of lettering is used, and a dash to a letter denotes an elevation, 
and a numeral added below the letter, different positions of the letter in plan 
in one and the same plane. In the diagram Z is ^le plan, Z' the elevation 
of the point Z or the point immediately above Z. Z^ Z2 Z3 Z4, etc., are 
different positions of Z on the horizontar plane, and a dash added to one of 
these is the same point in elevation, eg,, is the elevation of the point 
directly above Z 5. Again, -the reader .will understand that since Z^ Zg Z3, etc., 
are all different positioixs of Z that when such points are rotated or brought 
into position with one another they will. coincide and become Z' or the elevation 
of Z. In the perspective view only Z' is given which in the other diagraai is 
also Z' immediately above Z. " 

In Fig, I of Plate X, let PZ' OE be the solid triangle the face POE 
lying on the horizontal plane (H.P.I it a level of the earth’s centre of 
which the sides PO (2^), OZ^ (p), PZ^ (of are given in angular measure. 
The first thing to do is to develop this solid triangle or to lay it down 
flat in to the H.P. With E as centre and any radius EP or EO draw an 
arc ^J£tP 9 Z 2 and set off the angles ZiEP, PEO and Z2EO as given. 
"Tte sector EZ1FOZ2 represents now the development of the solid triangle 
^PC>Z\ Zj and Z2, as mentioned above, are as seen when the position 
oJf'Z' is rotated down into the H.P. 

Let Zi and Z2 be again rotated up with PE and EO as hinge 

lines respectively and let us consider what happens* The points 
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and Zj will have their plans following a path ZjAZ' and Z^BZ respeofeively ^ 
at riirht anolcs to their hinp:e lines, that is, that ZiAZ' is at ri^ht' angles 
to PE and ZjBZ’ is at ri^ht anjjjles to OE, and to rooonstiuct the fiorure 
again from the development given draw Z^Z and ZoZ' at right angles 
to PE and OE respectively, and the point of mterseo-tion Z' (which is 
the elevation of Z in plan) is the elevation of Zj and Z5 when they 
occupy a position directly above Z. To understand this more fully cut 
along the lines PZi and ZiE and fold along PE, and in the same 
way cut along OZ, and Z>I0 and fold along OFj and flap these over 
so that Z| and Zj coincide ; and as and FjZ 2 are radii of the same 
circle, EZi will coincide with EZ2 and become EZ' or the intersection 
line of the fir > planes. 

Considei next the paper model as a solid and pass a vertical plane 
through EZ' down to EZ. The view we would obtain by looking at 
it diiectly from the right would be the view drawn on the left hand 
side of the diagram, that is, we have a side elevation of the vertical 
plane. To construct such a view draw a line X'Y' parallel to EZ and 
draw EE at right angles to X'Y' and with E' as centre draw an arc 
equal in radius to EZ', EP or EO. This arc is an elevation of part 
of the sphere. Through 7 J (or Z) draw ZZZ' parallel to EE' and 
where it cuts the arc or at V the point will be the elevation of Z' and 
will represent the height of Z' above Z. Join E'Z”' and this will represent 
the elevation of the intersection of the two planes EZ'P and EZ'O. 

We have now found the height of Z' above Z, that is, the height of 
Z'' above the line X'Y'. 

One of the rules of solid geometry is that if a plane is passed at 
right angles to the intersection of two planes the auxiliary plane will 
have traced on it the angle between the two planes. The hinge lino 
PE is the intersection of the two planes PUE and PZ'E and the hinge 
line OE is the intersection of the two planes PO'E and OZE. If we 
turn to our paper model and imagine a plane passed through the line 
ZjAZ', which is at right angles to PE, the intersection of the two planes 
PEO and PEZ', and if we cut away all the unnecessary parts of the 
auxiliary plane ZiAZ' we would be left with a triangle which would just 
fit between the planes PEO and FEZ', one angle of which would represent 
the solid angle required, viz,, P. 

Such a triangle can be constructed as follows : — 

Since the three sides are known, viz*, AZj, AZ and ZZ', the height, 
equal to ZZ'^ and the angle at Z is a right angle since Z' is directly 
c^bove Z; hence construct such a triangle AZZ9 and similarly BZZi* 
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The angle ZAZ^ will be equal to the angle between the j)lanes POE 
and PZ'E =i P, and the angle Z 4 BZ will be equal to the angle between 
the planes POE and OZ'E ~ 0. 

Cut along the lines AZ^, Z 3 Z, and Z^Z, and with AZ and 
BZ as hinge lines, rotate the triangles into position and it will be 
found that Z 3 Z 4 Z| and Z, all coincide and are, as mentioned before, 
7i* the elevation of Z. 

Next to find the third angle, that is, the angle Z between the planes 
PZ'E and OZ'E the intersection of which is EZ\ 

By the rule given we can find the angle by passing an auxiliary 
plane at right angles to Let this plane cut EZ at Z' and the 

elevation of such a plane will he Z'O drawn at right angles to E'Z*^ the 
elevation of the intersecting line. Project O down to meet EA and 
EB produced in C and D respectively. Then CD will represent the 
intersection of the plane at the level of the sphere^s centre also CD 
will be a hinge line and 0 and D will be the feet of the angle 
required. To find its true shape or value it is necessary to rotate it 
down on to tlie H.P. Therefore with C/ as centre and radius C/Z' draw 
a circle cutting X'Y^ at Z'q or Z^j. Project 7j'^ or Z'g down to the 
intersection line EZ or EZ produced and join t'Zg, DZ^ also CZ 5 and 
EZ^ and the angles CZ^D and CZ^D will each equal the sq Hd angl ^Z. 

This angle can be found by another method and to prove the 
construction Tlirough Zi and Z 2 draw two tangents at rights angles to 
EZi and EZo respectively : these tangents will intersect EP and EO pro- 
duced in C and D. With (J as centre and CZj as radius (since OZi is the 
true length of CZ) draw an are, and with D as centre and DZj) as radius 
draw an arc. These arcs will Intersect at Z^j and Z 5 . 

Now take the perspective view, Fw, 2 . Here again we have the 
s olid triang le POZ'E lying on the plane POE. Frum Z' let drop 
a perpendicular to Z on the H.P. or the plane POE so that Z becomes 
the plan of Z'. Prom Z draw perpendiculars ZB and ZA to EO and 
EP respectively. 

;^ote, — Cortipare, iu the previous luoblem aud model, the triangles AZ^Z and 
BZ4Z and they will be found to he similar to Z'ZB and Z'ZA. 

By construction (EZ'j- = (ZZ'r + (EZ)^ 

:= (AZ )^ -- (AZp -f (AZ)^ (AEy 
zz (AZ7 + (AEr' 

that is, the angle Z'AE is a right angle and the angle ZAE is a right 
angle by construction, and therefore the angle Z'AZ is the angle between 
.the planes POE and Z'PE, and is the angle P. 
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Similarly, the angle Z'BZ is the angle between the planes POE 
and Z'OE and is the angle 0. 

55. Thus in both figures — 

Z7J BZ^ 

gin P _ AZ' ^ BZ' _ _ sin 

sin 0 K'/i ^ sin o 

BZ' EZ' 

and similarly 

sin Z sin z 


and therefore sin P : sin 0 : sin Z :: sin /? : sin o : sin 
and from this we get the rule that the of the angles of a spherical 
triangle are in proportion to the sines of the sides to which they are opposite* 

56. Given the three sides to find the value of the angles. 

Draw ZK parallel to BE and A L parallel to BZ and let ZK intersect 

AL at K. 

Then because AL is })arallel to ZB and ZK is parallel to BL, the angle 
ZBL » angle ALE = 90° and therefore the angle A EL -f the angle 
LAE = 90°. 

But the angle ZAE = 90° by construction. 

the angle LAE -f z = angle LAE -f angle ZAK 

/. z = angle ZAK. 

vr EB el . LB 

Now cos ;) = ^ 

■“ EA ^ EZ' AZ ^ AZ' ^ EZ' 

= COS z cos 0 + sin z cos P sin o 


and similarly 
and 


cos P = 
cos 0 = 
cos Z = 


cog p ^ cos 0 co< z 
sin o Mn z 
cog o — cos p cos z 
sin ]f ^\w z 
cos z — ]) cos 0 

sin p sin o 


12 ). 


57. Given two sides and the included angle or two angles 
and the included side to find the remaining fu nctio ns- 

To prove that cot 0 sin P 351 cot o sin z — cos P z 

ww u zz' ^ 

cot 0 sin r 5 = x 

— ^ 

AZ' 

_ AL AK 
AZ' AZ' 


similarly cot P sin 0 
and cot P sin Z 
etc., 


AL 

AE 

AK 


AZ 

aW ^ 

' AZ' 

AZ 

X 

AZ' 

sin z 

cot 0 

— cos 

Z 1 

cos P 

cot p 

sin z 

— cos 

0 

cos z 

cot p 

sin 0 

— cos 

z 

cos 0 


etc., 



( 8 ). 
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58. Anil it' ihrej angle:^ are giveivit caa-fte‘ proved that 

COS P 4* cos O cos Z 

COS p = 
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cos 


CO? 0 


sin () Riii Z 
cos Z *4“ P 

sill d sin P 
co> O 4* cos P cos Z 


.(4). 


Sin P «in Z 

59. The above formula), with the exception of 1, are not adapted to 
logarithmic computation but they can be changed lo meet the case. 

In tormula (^2) cos P - — ^-7177“- 

, I-I 1 COS n — cOh C COS A 

/. 1 — cos I = I — 

sin o sin z 

sin o sin z -f- co> o cos z — cos p 

sin o "in z 

CO" ((» — z) — cos p 
sill (j sin z 

2 siti (/; — / 4- p) sill (p ^ 0 -k- z) 


XT c 4 4 z 

Now put 8 = z 


Then 2 sin^ 
or sm^ -TT == 


and 1 — cos P = 2 sin^ tt 

? "in (n - z)sin (it - c ) 


"in 0 sin z 

Pin (a •> z) Hin (s — (f) 


1 O p sin .V sin (s.- 
Similarly cos- ^ = -TmTiUTz''' 


/• tan^ 

and similarly tan^ 


jP 

2 

2^ 

2 


sin (s - z) sin (s - o) 
sin s sin (s ~ p) 
sin (S - p) sin (« - o) 
sin « sin (s ~ x) 


( 5 ) 

( 6 ) . 


60. As the angle P at the pole is the finxir an gle of a heavenly body 
d>'»*!riaia (5; is used for 'Vime computations, and as the angle Z at the 
J^nith is the azimuthal angle of a heavenly body formula (6) is used for 
Azhnuth computations. 

The four general equations established in formula) (1) to (4) are suffi- 
cient for the solution of right-angled triangles, and^the practical use of ^iTch 
is when observations are taken to circumpolar stars at Elongation, or 
when the angle at the star or angle 0, known as the pa rallactic ^ ^glo is 90®. 

In formula (1) let 0 •= 90"^ and therefore sin 0 = I 

then sin P ~ or sin /) = sin o sin P (7). 

and sin Z = or sin ^ == sin o sin Z fg). 

Sin 0 

In formula 2 let 0 = 90° and therefore cos 0 « 0 

cos 0 SIM COB p cos « 


( 9)4 
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In formivla 3 with the same arguments — 

cot P =:= cot p sin (10). 

tan/> = tan P sin (11)* 

tan z s= tan Z sin jt> (12). 

tan z = cos P tan ....(13), 

tan = cos Z tan o (14). 

In formula 4 with the same arguments — 

cos p sin Z = cos P (15) 

cos sin P = cos Z .....(Ki). 


61. The formula; 7 to 16 are best numbered by Napier’s rules of 
circular parts which are as follows: — 

If the right angle is neglected then there are 5 parts remaining and 
these are the two sides containing the right angle, the complement of 
the side opposite the right angle and the complements of the two angles. 
These five circular parts are written in the order in which they 


occur in the triangle, vie., — Pj 'Y 

right angle ; any three circular 
parts are taken, one of them can 
be so chosen that the other two 
are either both adjacent or else 
both opposite to it. 

The diagrams show how the 
parts are written {Fig, 13). 


^ P since 0 is the 
Fig, 13. 



The selected part is termed the middle part and Napier’s rules are 
as follows: — «i 

1. Sine of the middle part equals the product of the tangents of the 
adjacent parts. 

2. Sine of the middle part equals the product of the cosines of the 
opposite parts. 

Example by rule 1 — 


Sin p »= tan (-y- Z) ianz^ cot Z tan z [compare (12) supra\ 


By rule 2 — 

Sin p = cos (-^ — P) cos (y — o) = sin P sin o [compare (7) supra']. 


etc., 


etc.. 


Astronomy — Definitions* 


62. Reference has already been made to the spherical triangle PZO, 
ia aetronomy, for the purpose of the surveyor, this has a special 
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value, and is the triangle formed in the celestial sphere by 0 the object, 
P the pole and Z the^zejiittu 

As 0 the object is a moving object (sun, moon, planet or star) the 
conditions of the triangle in question differ at every instant. Astronomers 
speak of the object as moving, whereas it is the earth which is revolving 
and rotating, and it is for this reason that the expression ‘‘apparent’* 
is used to denote that the earth is accepted as stationary and that 
celestial objects are moving. Astronomy is based on this supposition. 

Definitions are given in all handbooks and works on Astronomy, 
and reference should be made to them where necessary, but a few 
of the most useful will be explained so that the reader may be familiar 
with the arcs and angles with which he will have to deal. 

The best way to iinJerstand such definitions is for him to stand 
in an open space on a clear night and to imagine the celestial hemisphere 
as a vast dome on which different celestial objects have been impinged. 

Supposing he is in the northern hemisphere the first star he must 
recognise is Polaris or a Ursoe Mtnor is (se e para. b7 on Azimuth). This 
star is very near the north polo and is gradually getting nearer; it is 
about 1° away or its N. P. D. or north polar distance is 1°. 

For the purpose of demonstration let the observer accept Polaris 
as one of the poles of the earth’s axis (PP Plate IXO, that is, points in 
the celestial sphere in direct prolongation of the earth s axis. 

The point immediately above the observer’s head is his Zenith and 
opposite to Zenith is Nadir (denoted by Z and N). We have now the 
poles, zenith and nadir. 

The plane of the great circle, at right angles to the poles or axis 
of the earth, and passing through the earth s centre, is known as the 
c^estinl egjiatorSS^ which is therefore coincident with the earth s 
equator; the plane at right angles to Z and N is the celestial horizon 
HH which passes through E the earth’s centre, but since the earth in 
astronomy is in most cases* considered as a point in space, the celestial 

horizon may be called the horizon. 

Great circles passing through the poles PP will cut the celestial 
equator SS at right angles and are known as Declij i ^iQXi C l t ol^s> POP 

Great circles passing through Z and N will cut the celestial horizon 
at right angles and are known as Vertical circles ^ ru., ZON. 

The great circle passing through ZPN is the only instance when a 
vertical circle and a declination circle coincide and is called the Meridian 
HPZSH. The meridian of the observer is therefore t he great circle 

*4 point on its surface is only oousidered when near objects such as the Suni Moon and Planet# are ob8erYe(P to. 
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passing through his zenith and the poles, and this circle cuts the horizon 
in N and S points, and a great circle passing through his zenith at right 
angles to his meridian will be the Prime vertical ZKN.^ This prime 
vertical cuts the horizon in the observer’s east and west points K and K'. 

Now let us considev an object 0 travelling in its orbit around P 
(shown in dotted lines); the declination circle through 0 is POP and 
the declination of the star is OK, in this case north declination, so that 
declination piay hft rktrn pd as that portion of the arc of a declination 
circle passing through the object inte i^aepted between tl^ objectiind the 
celestial equaig i’, usu ally known as^r« If the object is north of the 
celestial equator it is said to have declination N, and if south, declination 
S. The complement of the declination is the north polar distance^ 
usually written N. P. D , that is, 00"^ — 1 — PO or NPD — PO = e if the 
star has a declination N, and 90° + f if the star has a declination S. 

The declinations of the sun, moon, planets and a certain number of 
stars, are found in the Nautical Almanac (N.A.) 

The hojjx^u^U of an object is the angle between the plane of the 
meridian at the place and the plane of the declina- Fip. 14. 

tion circle passing through the object. In figure ^ 

it is the angle ZPO or P, and is that part of the arc 
of the c^l^tial ^ equator mt£rcep.ted^^J^tvv^een U j/ 
meridian and the declination ciixlejpix^sing through 
the ^objegt. \ j 

Its measure is given in hours, minutes and seconds \ J 

or in degrees, minutes and second^ and is W or E 
according as the hour angle is \V or E of the 
meridian. j 

It will be noticed that as 0 the object is moving, if in the east it 
is rising and the hoiir,.^angle is decreasing, and when it is in the west 
it is .setting and the hour angle is increa^ing. When the object arrives 
on the meridian (transits) its hour angle is zero or it vanishes. Again, if 
the value of the hour anglo at a given instant is known and the declination 
also, the position of the object is found and this is one system of 
celestial co -ordinat es, viz,, hour angle and declination. 

The declination of a .star changes very gradually and is scarcely 
appreciable except every five days or so, but that of I he sun, moon and 
planets is appreciable for short periods of time and a reference to the 
N.A. will make this clear. 

*' The reader should iiotr tliat -omc stnis at '•ruling to tlie obseivor'h latitude) will never cro^s the Prime 
Vertical and only at the ctinator is it posable tor a htai to have a <^iu*se coincident with the riinie Vertical ami 
the deehuiition of suoU a !?tui would be U° U' O'' 
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Aj^aiu, with 0 the object in the east, it is rising, and therefore its 
altitude or distance from the horizon is increasing or its zenith distance 
is decreasing until it transitu, and its altitude then decreases and its zenith 
distance increases as it sets into the west. Altitude* may be defined as 
that portion of the arc of a vertical circle intercepted between the object 
and the celestial horizon as OL and its complement is ZO or zenith 
distance =: 90° - OL. 

Again, with the same argument as with the hour angle at P, the 
angle OZP or Z decreases till the object arrives on the meridian and 
thereafter increases as the object sets. This angle, between thj^ pJaw,^ of 
the meridian of the place and the plane of the vertical circle passing 
through the object, is known as the azimuthal angle or Z, and this 
angle is also measured as that portion of the horizon HH intercepted 
between the vertical circle passing through the object and the meridian 
of the place, as LH, and is measured in degrees, minutes and seconds. 

If the azimuthal angle and the altitude of the object are known then 
the position of the object is known at that instant and this is another 
system of celestial co-ordinates. 

When the object 0 arrives on the meridian it is said to culminate, 
and it culminates twice in a sidereal day, once on the meridian above 
our heads known as the upper culmination (better known as transit) 
when by the foregoing arguments its hour angle and azimuthal angle 
are nil, and at its loicei* culmination, or when it arrives at the meridian 
below our feet, when its azimuthal angle is nil and its hour angle is 
180° or 12 hours in sidereal time. 


The amplitude of a heavenly body is the angle measured alopg the 
horizon between the vertical circle passing through the object and the 
E and W points^ 

-^fheTatitude (\) of a place is the inclination of the normal or 
plumb-bob to the plane of the equator and is measured along the 
meridian and is ZS or the angle between the planes SKS and ZKN. 

Now SP = 90° also ZH » 90° /, ZS = PH, or the altitude of the 
elevated pole is the latitude of the place, and ZP its complement is the 
co-I ajtit ude of the ])lace or o of the sphencaL^rhingle ZPO. 

Therefore, given the latitude (A) of a place which can le found on 
a map and need not be known with any great accuracy for time and 
azimuth results to say 5 to 10 secs., and since the declination 
hence the N.P.D. can be found in the N.A., if we observe OL wo know 
the three sides of the spherical triangle ; for ZP or o is the co-latitude 


• Altitude means observed altitude correcte<l loi parallax and refractlo)). 
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and ZO or p 


PO or ; is the N.P.D. tjjfas by the 


P 

formulsB tan^ -y = 
and tan^ = 


sm (s — z) sui {/? — «) 
sin A hin (6 ~ /;) 

Hin (a — ft') hin (,v — o) 
bin s Mil (s — z; 


(5). 

.( 6 ). 


that is, that tho hour an^le P an l the azimuth angle Z can he comjiuted. 

If 0 an object has c its N.P.D. less than PH, then it will be 
seen that it will always he above the horizon llll and the object 
(always a star) is then known as being circninpola^, A circumpolar star 
is thus defined as one whose N.P.D. is less than the latitude of tho 
place or its N. declination is greater than the co-latitude of the place. 
With reference to the apparent motion of stars it should be noticed that 
those on the pri me vertic al ZKN will be moving faster than an object off 
the prime vertical since it has a greater arc to traverse in the given time 
and hence to olatain good time results an object on or as near as possible 
to the prime vertical should be chosen. 

The ecliptic is a great circle along which the sun travels annually 
among the stars or is the apparent motion of the sun among the stars 
and intersects the celestial equator obliquely as QM. The angle that the 
plane QM makes with the celestial equator SS is 23° 27^', and this 
angle is known as the ohhquitp of the ec bptic ; ^ the two intersection 
points are known as the equinoxes. 

When the travel of the sun or the sun's apparent motion among 
the stars is from south to north of the celestial equator the point of 
intersection is known as the spring or vernal^qxtxrmir or the first point 
of Aries (y), and when the sun seems to travel from north to south the 
point of intersection of the celestial equator is known as the autumnal 
equinox of the first point in Libra. The reader will understand that at 
the two equinoxes tho sun’s declination is nil. 

The Declination circle passing through the Equino ctial ^p oints is 
known as the Equinoc tial C olure. 

zodiac t is a zone extending about 3° on each side of the eclj^tu 
and is divided into 12 equal parts, each of 30^, which are known as the 
signs of the zodiac. iChe names of the signs are as follows : — t .i 

V Aries (ram), Taurus (bull), Gemini (heavenly twins), Cancer (crab), 


* So called as the ancients noticed that the eclipses of the moon took place bn this circle, 
f The ancients calculated that the earth leturned to the same position among the stars in 
8g.O day«,' They gave 12 Signs to the Zodiac to portion off 12 months. As the diametei of 
the moon or sun seems to bej"^ (really 32 minutes) or the sun travelled a double minute in 
its course of one diameter we get 80® for each sign of the Zodiac and 860® tor the whole circle 
and 60 minutes and 60 seconds as divisions in time^ 
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Le o. (lion, Vir^^(vir^in), Libra (scalfes), Scorpio (scorpion), Sagittarius 

(archer), Capricorhiis (he-goat), Aquarius (water-carrier), Pieces (fishes). 

Two of the signs include (be equinoxes — Aries and Libra. 

The ^rsf point of occurs on or about the March 22nd of each 

year and the autumi^r eguiujox about the 23rd Se])teinber of each year, 
and midway between these dates (be sun will liave reaclu'd either its most 
northern declination of 23'^ 27i' (N) known as tin; sum mer sols tice or 
its most southern declination of 23” 27^ (8) known as the wi nter sols tic^ 
The term sojsiica is derived from Sul (Sun) and sto (stop or stand) 
meaning where the sun seem-- (o stop or halt in it^^ passage northwards 
or southwards. 

The term snmnHM-_soIs tiee as we understand it apj)lie^ only to the 
Northern hemisphere wdiich is in reality the wdnter solstice of the Southern 
hemisphere, and so also the vernal or spring ecjuinox will bo an equinox 
occurring in the autumn, say in Australia or New Zealand. 

Now sun time and star time are based on the first point of Aries, 
and it would not be unprofitable to explain how this imaginary point in 
the heavens derived its name. J ^ 

The first point of Aiies was a star in the constellation of the Ram 
about 3,000 years ago, that is, the vernal equinox took place at that 
time at or very close to a star in Aries, and this was when Astronomy 
was in its infancy or became known as science. Since then it has 
moved and the imaginary point i^ now in A ndroip oda and is slowly 
moving towards Hercules. This movement is due to the earth being an 
nb late spheroi d and to the sun and moon exerting an unequal attraction 
on the earth’s in eguji lity and each tending to drag the earth into its 
own oiidt? fhe result being a backward or ret rograda mo tion of the inter- 
section of the ecliptic and celestial equator along the celestial equator, 
that is, that the first point of Aries retrogrades along the equator and this 
retrogression is about 50*1" a year and is known a^ the F recens ion of the 
Equinoxes* This Precession of the Equinoxes was discovered by the 
Greek Astronomer Hipparchus, and has been calculated to take 25,868 
years to encompass the Zodiac or the sun’s apparent motion among the stars. 

The forces which cause prece^on do not act uniformly so there is 
a slight w^ble in the axis and the direction of the axis and the pole is 
not stable. The total difference at the N. pole is roughly, a square of 
’50 feet. This is called Nutation from nutare (to nod). 

Aberration is the error in the apparent place of a body produced 
by tbeTearSi^ motion in a direction contrary to that of the ray of light 
from, the^bodjr, 
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It is necessary now that the reader should understand that there 
are three kinds of time, ms., Star time or aidermUAm^ Sun or apparent 
time or time kept by the true Sun which is sun-dial time, and mean 
time or the time kept by well regulated clocks and watches, and all 
these times have as their zero the first point of Aries since all R ight 
Ascmaions (R.A.®) are reckoned eastwards from this one point. The right 
ascension of an object is the angle between the plane of the declination 
circle passing through the object and the plane of the declination 
circle passing through the vernal equinox or, in other words, is that portion 
of the arc of the celestial equator intercepted between the declination 
circle passing through the object and the 'first point of Aries. The 
angle yPK or the arc Ky represents the R.A. of 0. Right ascensions 
are reckoned from west to east from zero to 360^^ or from 0 hour to 
24 hours. For example, if yK in figure was 15° its R.A. would be one 
hour, but if K had been 15° on the other side of Y as at then its 
R.A. would have been 345° or 23 hours (behind the first point of Aries). 
Right ascension is like terrestial longitude except that terrestial longiiudo 
is reckoned east and west of Greenwich 1H0\ K in figures would be 
1° W. Longitude and K' would be P E. Longitude. 

63. It has been explained how the first point of Aries governs our 
time, and we may proceed to distinguish between the different times. 

A star will cross the meridian at exact intervals of time, so let us 
suppose we set up a theodolite and sight the vertical wire on the 
meridian of the place and note the time that a particular star transits 
and for days continue doing this noting the time ; if our time, peeper 
showed exact intervals of 24 hours then the tipe kept would be sidereal 
time and our time keeper would be a sidereal clock, but if the time- 
keeper was a mean tima_oj„j)j:diuary -wittch (regulated to keep true 
mean time) then the star would cross the meridian or transit also at 
exact intervals of time but 3 minutes 56 seconds (nearly) earlier every 
day, and this would happen day after day till 24 houis would have 
been gained by the star on mean time in a sidereal year. The reason 
for this is as follows : — 
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when it is noon at A, or a transit of the Sun S is occurring, and let 
F be a fixed star in the same line EAS, produced to an infinite distance 
of the earth from the sun. 

Then suppose that in the time that the earth has made one 
complete revolution on its own axis, it has moved along its orbit round 
the sun into the position E'. At this moment the fixed star F will make 
another transit, since EE^ is nothing in comparison to the distance EF, 
and the angle EFE' is inappreciable, so that E' A' is really parallel to EA. 

But quite the contrary is the case at this moment with the Sun ; 
here the distance EE' is quite appreciable in comparison with ES, and 
the angle ESE' is quite nieasureable, and it will take the earth nearly four 
minutes more to revolve through the angle A'E'S, when a transit of 
the sun will occur. 

Hence a solar day, which is the interval between two transits of 
the sun, is four minutes longer than a sidereal day^ or the interval 
between two transits of a fixed star^ and that M the earth in its revolution 
on its orbit around the sun makes one rotation less in the interval so 
that if this interval is a year, a tropical year may be defined as the 
time in which the sun moves from vernal equinox to that point again, 
and a sidereal year is the time in which the sun moves from a fixed 
star to the same star again, or the time it takes to perform an absolute 
revolution and returns to the same position among the constellations. 
It must be remembered that owing to the precession of the equinoxes 
every year the sun does not return to the same point it started from ) 
and Bessell has calculated that a mean solar or tropical year is^6*2422 
mean solar days, and as the sidereal year is one day more 
.S6fi'2422 sidereal days ~ 365*2422 mean solar days 
and 1 sidereal day = 0*99726957 mean solar day, 
or 24 hours sidereal time = 23 hrs. 56 mins, 4*091 secs, of mean time 
or the daily accderotlon of sidereal time (S.T.) on meantime (M.T.) is 3 
mins. 56 secs, approximately, and the r^i£u»d€ttim of M.T. on S.T, is 3 
mins. 56 secs, approximately, or acceleratiomnand retardation at 9*8565* 
seconds per hour (usually taken as 9*86). n ’jf 

As there are roughly 365^ days in a tjppjoal-year and as a quarter 
of a day cannot suitably be made provision for, the years are made 
up of an even number of days known as equatorial years, and Julius Cmser 
arranged that every year should be a 365-day year except the 4th year 
or year divisible by 4 which would be a Jeap year or a year of 366 days. 
This calendar is known as the Jul inu Calen dar, This rather over- 

* See Tabl&i iu N.A. and Muthematieal page iSS, latest edition. 
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corrects the error, and it has been calculated that a day is gained in 
every 100 years, so the century year is not a leap year except as 
follows : — that as this rather undercorrects the error and a day is lost in 
400 years Pope Gregory inaugurated that every century year divisible 
by 400 should be a leap year. Thus 1896, 1904 and 2000 are leap ^ 
years and 1900 not. This is known as the Gregonaji,jOsilmdar.^ 

64. It has been noted that the ver nal egu incfx occurs at or about , 
the 21st March each year or when the de clinati on ot the true sun is 0"^ 
that is when the true sun is on the Celestial Equator. ^ ^ 

The RA of the apparent or true sun at this instant will bo O'L O’". 0\ ; 
but since we are dealing with a moan sun the Sidereal Time of G. M. N. 
for the date will differ with the R.A. of the true sun by an amount equal 
to the Equation of Time in Sidereal units. The following extract from 

the N.A. 1925 will make this clear — 

1 

, Date March. Apparent IL A. Apparent declination. Equation of Time. S.T. at GMN 
li. wi. s. ff. li, in.' -s*. 

20 23 57 41-41 So-15.0P2 7 41*5 23 49 59*92 

21 00 01 20-06 No--08.41-l 7 23*6 23 53 56-47 

On March 22nd by argument already given, the sun will cross the 
meridian at 12 noon by the mean t ime clock , but the sidereal clock will 
have gained 3 mins. 56 secs, and the sidereal^ck will be 12 hours ahead 
at the Autumn equinox,i and so on, hence we get in the N. A. the 
sidereal time at Greenwich Mean Noon (S.T. at G.M.N.) or in other words 
the hour angle of the sun at Greenwich, These sidereal times are tabu- 
lated for different days in the year because all R.As. of celestial objects 
are reckoned from the first point of Aries.f 

Next, if an observation is taken E. or W. of the Greenwich meri- 
dian or the meridian adopted by the N.A. and most nations have adopted 
this zero, it must happen that the first point of Aries will transit in 
one case at Local Mean Noon (L.M.N.) before Greenwich and in the other 
case after, so that if in 360° there is a change of 3 mins. 56 secs, in 
sidereal time then a proportionate correction minus when east and plus 
when west must be applied to the sidereal time of G.M.N. to reduce it 
to S.T. at L M.N. 

• If the year divisiblJ^by 128 is not coii'^hleicd a Icnpycai, there would bo an error amounting to a flay In 100,000 
years. 

t The reader will understand tliat if the sidereal clock nt Oiccnwn'h beats 0 hours when the declination 
circle passing through the first point of Aiies c’oincides with the veitioal wire of tlic moiidian tliat if he 
noted the times of certain celestial objects one after the othei crossing the wire he would bo tabulating a series 
ol Right Ascensions (in sidereal time) of celestial objects Again, if the u^trument had boon set with, we will 
Bay, a vertical are graduated at 0® when the telescope inteisected the first point ot Aries on March the S2nd 
(then on the celestial equator) then as stars transited and their elevations or depressions were registered with 
reference to this 0° line exclusive of oorroctiou for refraction he would obtain the declinations N or S, as thojr 
appeared ali^ve or below this zero*plane 
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Example . — The S.T. f^or G.M.N. on a certain date was found to bo 
12 hours ; what is the S.T. at L.M.N. at a place 90° W. and E. Longitude ? 

90° = — a correction of is to be applied. 

Thus the S.T, at L.M.N. for 90° W. = 12 hrs. + 59 secs. = 3 2 
h. 0 m. 59 s., and the S.T. at L.M.N. for 90° E. 12 hrs. — 59 secs. 
= 11 h. 59 in. 01 s. 


It is necessary now to show if the meridian at a place is known how 
the L.M.T. is found. This is best done by a diagram and an example. 

Example. — Qi>ien the S. T. 

at G.M.N. for a certain date, as ^ 

5 hrs. 0 min. 51 secs, and the 
R. A. of a star as 15 hours ; 
find what the L.M.T. is at a 
place when the star is at transit, 
the longitude of the place being 
77° 54' E. Qh fSh 

Let the diagram Fig. 16 
show a vertical section through ; 
the celestial sphere and let it be ' ^ 
divided into four quad rant s of 6 
hours each numbered an ti"clo ck« 
wise and let 0 hours or 24 hours 
be the meridian. 

When the particular star is on the meridian its position is known 
so on the diagram it is placed at 0 hours or at M. ISiuce its U.A. is 
15 hours wo can measure back 15 hours and place the first, pphit of 
Aries on the diagram because 15 hours have elapsed since the first 
point of Aries was on the meridian. 



Again it is known, with reference to Greenwich, that the interval 
of time (sidereal) lapsed from the first point of Aries, when the sun was 
on the meridian at Greenwich, was 15 h. 0 m. 51 sees., and therefore in 
Longitude 77° 54' E. the interval will be 5 h. 0 m. 51 s. — 51 s. or 5 
hours exactly, and so in the diagram the mean sun is placed 5 hours 
back from T. Thus it will be seen that the sun v/ith respect to the 
local meridian is 10 hours ahead, that is, that 10 hours (sideral) have 


From 1926 onwards the times in the N.A. will be from midnight, i.e.y G.TM.T. or Greenwich 
mean time will be reckoned from midnight and midnight on the Isl January will mean (he 
end of the day oi the night of New Yeoi’s da;». that is, that midnight New Year’s Eve is 0 
day of the year and noon on the 2nd January will Ik 1*5 days, 
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lapsed since local noon, and tojroduce this to moan time units at 9‘86 
secs, per hour the result 9 hours 58 minutes 21’33 seconds is obtained 
in mean time units, as the L.M.T. of observation. 

If the meridian is not known but the hour angle had been calculated 
by the formula already given and found to be 2 hours with the star 
in the east and with the conditions given in the last example we have 
the following diagram Fig, 17 and placing. 

Since the star’s hour angle (/i.a.) was 2 hours from the meridian 

and the star was in the E. it can 
be placed 2 hours to the right 
of M. If the star had been in 
the W. then the position would 
have been 2 hours to the left 
of M. the meridian. Also in the 
example, the first point of Aries 
is placed 15 hours anti-clockwise 
from the star and the sun 5 
hours back from the first point of 
Aries, and the interval of L.M.N. 
in sidereal units is found to be 
8 hours and the L.M.T. of obser- 
vation would, on reduction, be 
found to bo 7 hours 58 minutes 41*1 seconds. 

A useful equation can thus be devised and this should be remembered. 

I m 

RA- ( + 24 hours if necessary) (h, a.) — S-T. at L.M<N> 
= sidereal interval (S-I ) from L M N' 

If the result is reduced to moan time units the correct local time 
is obtained. 

Consider the equation and suppose the time of transit of a heavenly- 
body is required or when the 4. «. of the body is 0 ; the second value 
of the equation vanishes and we get R.A. (± <24 hours ) — S.T. at LMN 
= S.I, from L.M.N. ,, ‘ 

Example— When will Polaris (a Urm-Miooris) transit in Longitude 
77" 54' B. on the 12th November, 1909. The R.A. of Polaris in the 
N.A. for 1909 on that day is given as 1 4. 27 m. 2b s. and the S.T. at 
Q.M.N. on 12th November, 1909 is given as 15 4. 23 m, 53'7s.^whence 
S.T. at L.M.N. — 15 4. 23 m. 53-7 s. — 51 «. (correction for Long. B.) = 
15 4, 23 m, 02-7 .v, ; and R.A. -p "^4 hours = 25 4. 27 m, 23 s., therefore 
sidereal time of transit 25 4. 27 m, 23 e. -■ 15 h, 23 m. 02*7 s, = 10 4, 


FIg.ll. 
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04 ni. 25‘3 .9. in bMereal units or the kical moan time of transit is 10 A. 
02 m, 4(v3 secs. 

When clocks and watches kee|)in^ mean time arc set to a certain 
stamlard meridian a correction must ho ^riven according to the departure 
E. or W. ot that meridian. 

This correction for standard at a place 15^' W. of the local 
standard time meridian will be minus one hour and if 15^ E. plus one 
hour to obtain local time. 

35. The time kept by the true sun is sun-dial time but this is not the 
time kept by watches and clocks as sun time is variable. If the 
orbit of the earth were a circle with the siiii as centre the apparent day 
would be a constant interval of time, but the earth’s orbit is an ellipse 
with the sun in one focus, and Kepler’s second law proves that the earth 
travels through equal areas at equal intervals of time or that the radjus 
vectors sweep out equal areas in equal times, and it thus stands to reason 
that the earth is travelling faster when it is nearest the sun or at 
perihelion and slower when it is at its aphelion* Again, the sun’s path is 
along the eclipticf which is inclined to the celestial equator and hence 
a second variation of time. 

These are the main reasons* for the -sun’s time being variable, 
and since no clocks could be regulated to go fast and slow to conform 
with the sun, astronomers have arranged to have a uniform day and this 
day to coincide more or less with day and night and therefore observations 
to the sun have to be reduced from what is apparent or trite solar time 
to mean time ; this correction is termed the lujuation of time, and its 
amount, whether additive or subtractive, will be found in the N.A., page 
I. of every month — the equation of time being in sidereal units. 

Apparent time may be defined as the angle contained between the 
meridian of the place and the meridian passing through the true sun. 
Mean time as the angle contained between the meridian of the place, and 
thT meridian passing through an imaginary sun moving on the equator 
with the mean velocity with which the true sun appears to move in the 
ecliptic. The angle contained between the meridians passing through the 
true and img^inartf suns is the equation of time* Sun-dials therefore 
should 'be corrected tor equation of time to conform to local mean time. 

It is next required to interpolate the variation in 1 hour for 18 A. 9 m 
between the noons of the 1st and 2nd June and the variation will- b( 
found to be *379 s* This variation multiplied by 18*136 hours = 6 87 « 
arid since equation of time for 1st June — 2 m* 28’67 s* decreasiQg then 

* Sti Barlow aud Brjau's Mathematictil Aitrondniy tor further es|>Ian«tioQi 
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the equatipA outline =as 2 m. 28*67 s. — 6*87 «. *= 2 m. 21 8 ». and there- 
fore L. 5 I.T. of L^. =1 12 A. 0 m.Ji s. —2 m. 21'8 s. 5 = 11 hi 57 m, 
38*2 s. and therefore the clock for local time was 11 h. 57 m. 38*2 ». — 
U A. 35 m. 40'^. — 2l'm, 58*2 slow. Had however the clock been 
keeping standard time for 5^ hours or 82^° E. of Greenwich it would have 
been 4 m. 0 5. -f 1 m, 58*2 s, slow or 5 m. 58*2 8, slow. 

The foregoing examples show how time is found by observation 
to a celestial body on the observer’s meridian. 

If the celestial body is a star the computations are greatly simplified 
as there is no reference to Greenwich Mean time which will be explained 
under the next para. It is not usual that the meridian is known, and hence 
observations to the sun or stars out of the meridian, or ^ij-rneridian 
as they are sometimes called, will be next explained. 

()6. Observations to the sun or stars out of the meri- 
dian for time and azimuth * — The following are the corrections 
to be applied to astronomical observations and a general idea of how 
observations are best made 

Refraction , — A ray of light from any celestial body upon entering 
the atmosphere becomes bent or refracted in a downward direction, 
and the closer the body is to the horizon the greater the width of the 
belt of atmosphere through which the ray has to pass and therefore 
the greater the refraction. Refraction thus tends to raise an object or 
the elevated angle read is more than the true, and thus refraction is 
always subtracted from the observed altitude to obtain the true altitude. 
Refraction is dependent on the temperature and height of the baro- 
meter, {see Table III., Appendix II.,) ‘or 58" cot altitude gives a close 
value. 

Parallax , — In the ordinary processes of astronomy, we assume that 
the stars, Le,, fixed stars, are at infinite distances, that is, the rays 
froni# fixed star to the surface of the earth and also to the earth’s centre 
are coic^cident, and we thus assume that the observations are made at 
the earth’s centre and referred to a plane parallel to a plane of the 
sensible horizon of the observer’s position. But this does not hold good 
with the solar system. 


*• The author here reiterates his caution couoeruing the footsorows for levelment of bubbltw during a set of 
obseryfttlona (a setf includes readings to B.M.) involving horizontal unglea. The footscrows should not be fouched 
and any levelment of the upper level should be done by the antagonWng screw (vide para. 18 Part JI) 




80 


OHAPTRB m. 


Let OP be a section of the earth ; 0 any point on the surface ; 

Fig* 18. ^ HOR the horizon at that point ; H'O'R' 

^ ^ the rational horizon through the centre of 

K y/ earth and parallel to HOR. Let M 

., 8 be the sun, moon, or some planet, then 
/ f MOR is the altitude of the body above 

“ — j the horizon HOR, but MO'R' (= MTR) 

^ is the altitude of the body above the rational 
^ horizon Le,^ the altituda. ii hnve the hori zon 

through the dat am po int. ^ .Now MIR OMT^ the true 

altitude is greater than the observed altitude by the angle OMT, which is 
called the j?araZ/a.r. It is evident from the figure that the magnitude of this 
angle OMT depends on the altitude of M, being nothing in the ^jenith, and 
attaining its maximum on the horizon. The fixed stars are so far from 
the earth that the magnitude of this angle is imperceptible, and even the 
horizontal parallax from the sun never exceeds 9 seconds, so therefore 
if observations are being made with an instrument which only reads to 
minutes, as, for instance, the pockf^^^ant, the correction for parallax may 
be wholly omitted. Correction for parallax must he added to observed 
altitudes or subtracted from zenith distances, vide Table IV., Appen- 
dix II. 


Semicdiamefer . — When an observation has to be made on the sun 
by means of an alt-ajjiuiuth instrument, it would be very difficult exactly 
to bisect the disc of the sun by the horizontal cross wire of the 
instrument, so it is usual to read the elevation of one of the limbs, 
either the upper or lower, and then, as the case may be, subtract or 
add the se mi-diam eter of tbe sun, to find the true altitude of the 
centre. This is called the co7^f ection for semi-diameter^ and is given in 
the ‘^Nautical Almanac” for every day in the year. This correction is 
in reality the angle subtended at the eye of an observer placed in the 
centre of the earth by the semi-diameter of the sun, and is constantly, 
though slightly, varying ; not because the diameter of the sun ’^raries, 
but because the distance between tbe sun and the earth 'is ever 
changing. Also, when a sextant and an artificial horizon are used, the 
altitude of one of the limbs instead of the centre is usually read, 
because the observer can note with much greater accuracy when the 
two Suns just touch one another than when they exactly coincide. 


To all observations for altitude, after having observed .the altitude 
pf tbe sun and the readings of the barometer and thermometer at the 
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time of observation, tbe corrections above-mentioned should be applied 
in the following order : — 

First make the corrections due to instrumental errors ; then take 
out of Table III. the refraction due to the observed zenith distance 
corrected for instrument. Now this n um ber was calculated at an assumed 
temperature of 50® F., and a barometric pressure of 30 inches. Table III. 
gives the necessary corrections with their signs. Then having corrected 
the refraction, add it to the observed Z.D. Then apply the semi-diameter 
(taken from the Nautical Almanac”), subtracting it if the observation 
was made on the lower limb* and adding if on the upper limb ; and 
finally take out the correction for parallax and subtract it from tbe Z.D. 

Example 1. — The observed altitude of the sun’s upper limb is 39° 16' 
20’ at 8 A.M. on June 20th, 1922 ; barometer, 28*85 inches ; thermometer, 
80“ F., no error for instrument ; find the true altitude of the sun’s centre. 


Obs^Tved Z.D, (90^ - alt.) 60° 43' 40* 

Refraction for 50^ O'' 0" ..-f 1 9*4 

And change for 43' 40" 4 I’ft 

Correction for barometer, 28*85 inches — 2*7 

„ „ thermometer, 80° — 4*2 


Value of corrections 4 I 04*3 


.•.corrected refraction for 50® 43^ 40*' is -f 1 04*8 

Semi-diaraeter (from N.A.) + 15 46*8 

Parallax in altitude — 06*5 


True altitude of sun’s centre (90° — Z.D ) 59' 36" 

Example 2. — The observed double altitude of the sun’s lower limb 
at 8 A.M. June 22nd, 1922, was 84* 44' 40’ ; index error, Z* 45* on 
the are (therefore negative) ; barometer, 28*85 inches ; thermometer, 
85° F. : find the true altitude of the sun’s centre. 


Observed double altitude 84° 44' 40^* 

Index error — 03 45 


2)84 40 55 


Single altitude 42° 20' 27*5" a: 47° 89' 82*5'' Z.D. 

Refraction for 47° 4 P 02*4'^, 

.*, change in 39' 32*5’ 4 1*46'^ 

^Correction for barometer, 28*85 2*44 

„ „ thermometer, 85° — 4*88 

Value of corrections 57*0* 

/.corrected refraction for 17° 39' 82;5'» is 4 00' 57*0*' 

Semi- diameter, June 28rd. — 15' 46*2'' 

Parallax in altitude 6*4^ 

True altitude of sun’s centre 90° — Z.D. =: 42° 35' 28^^ 


•Ifote that the object as viewed through tbe telescope of an oniinary theodolite [withoat urftif the iovefting 
eye-piece] is reversed. 
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Jn the above there appears to be a certain amount of unnecessary 
labour in calculating refractions from a Table of ^anithJJiatances, but 
the system has been adopted since most refraction tables used for astro- 
nomical work are for zenith distances and not for altitudes. The 
reader will now understand that when dealing with celestial objects other 
than fixed stars he has to apply the following corrections: — 

Rig^^scensions and D eclina tions with reference to their position, at 
the same instant, to be very exact, at Greenwich, and the correction 
for parallax. Oorrection for refraction is common to both. Correction 
for semi-diameter is for the sun only, but it is advised that the limbs of 
the sun be observed to in preference to the centre which cannot always be 
accurately intersected and requires a^great deal of judgment in any case. 

Thus for time observations it "is recommended to allow one limb 
of the sun to cross the horizontal wire and register the time of contact 
and then permit the sun to cross the wire (steadily working the horizontal 
slow-niotion screw of the plate in case he has the tendency to move out 
of the field) and then to register the time of the second contact or the 
final crossing of the_ sun across the horizontal wire. In this way, one 
vertical angle is recorded ~ahd two times, and the mean of the two times 
is the correct time of the intersection of the sun’s centre at the 
vertical angle observed, and the time of the sun’s centre is connected to 
the clock which is to be examined for the local mean time or standard 
time it is keeping see example, page 95. 

(57. Azimuth* — For azimuth or the direction of the i^eridian and 
when dealing with the sun g^-merid ian, the computed angle Zis connected 
to a point on the earth’s surface as a refgjndng-^ft^rk which plays the 
same part as the clock does for time observations. Hence, to obtain an 
azimuth from the sun, correct time not being known, the horizontal 
angle to a referring mark (li.M.) and altitude of the sun’s c^^tHre is 
required; the following method might be adopted; — 

In latitudes greater than 23^^ 27 N. the sun will always rise south 
of the east point and will have a motion when rising and setting, of left 
to right when the observer is facing -^outh, and the motion will be as 
shown in diagram Fig, 19, though, when looking through the telescope, 
Fig, 19. it will be reversed. What 




the observer must do, after 
determining the direction of 
the sun’s motion in theUfeles- 
cope, is to bring one quadrant, 
formed by the horizontal and 
vertical wires in contact with 
the s^iBtlsJimbs and to note 
he time, hori^sontal and verti- 
cal angles, ^king care that 


the theodolite is in true levelment. The standard time corrected to local 


^.Oorreotlotii fbr Barometer and thermometer are only necessary for Latitude Obserrations. 
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time and referred to Greenwich need not be very exact but sufficiently so 
in order that the sun’s declination can be calculated to the require- 
ments of the accuracy needed. A small error in the declination will not 
affect the ultimate result materially. He next proceeds to get a contact with 
the opposite quadrant and registers the time, horizontal and vertical angles. 
The mean of the times of observation and mean angles will give the time 
of the observed altitude of the sun’s centre and the horizontal angle 
to it. 

After obtaining the first contact, say in position 2 and recording 
time and angles, there is nothing gjiined in moving both the horizontal 
and vertical arcs to make the second contact, in fact, it is better to 
leave the vertical arc alone and to follow the sun with the horizontal 
slow-motion screw, and after a little lapse of time if the sun is rising 
Fig. 20. he will be in a position, as nearly as possible as shown 
in diagram Fig, 20. The observer should now take care 
and kee[> as much of the sun to the right of the vertical 
wire as there is above the horizontal wire or, in other 
words, he should endeavour to cut equal segments of 
the sun with his 3rd quadrant and in this manner, by 
a final manipulation of the horizontal tangent screw or slow-motion 
screw, obtain a perfect double contact. 

It is a very good practice to set the horizon4;al limb of the theodolite 
to read 0° on the magnetic meridian by rotating the lower plate and 
clamping as it avoids any possible confusion in the azimuth of the refer- 
ring mark (R.M.) and the magnetic variation which is the difference 
between the reading to the R.M. from magnetic north and the computed 
angle from true north. 

This is done as follows : — Attached the compass to the theodolite on 
face left, unclamp the upper plate and set the A vernier to 0° and 
clamp the upper plate. Unclamp next the lower plate and revolve the 
instrument till the north end of the needle points north. Clamp the 
lower |)ilite and release the upper plate and read the R.M. 

An example is necessary to show how the declination of the sun is 
found from the N.A. 

A set of observations was taken on the sun at a place keeping standard 
time 6 hours E of Greenwich on the 2nd June at 10 A.M., (mean of observ- 
ed times). The following elements are extracted from the N.A. table 

II 

Apparent declination Ist June N 21®. 69'. 03*8^ at Q.M.N* 

2nd June N2r 07' 18-9^ 
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trom table 1. N.A. variation in 1 hour 1st June = 20*90® and 2nd 
Jupe 19*94® 10 A.M., on the 2nd June Civil tini^ (s ee a previous para, con- 
cerning change in Q.M.T. for 1925 onwards) is 22 hours since noon on 1st 
June and since the time was for’6 hours E of Greenwich the corresponding 
Greenwich time was !<> hours on 1st June. By interpolation it will be 
found that the rate of variation at 16 hours is 20*26® which multiplied 
by 16 hours = 5' 24*16" and therefore the declination of sun at the time 
nf observing was N 21°. 59 —03 8" + 6' 24. 16" = N 22^' 04' 28". 

.*. N.P.D. = 67^ 55. 32'. 

Wh€|n observing to a star for azimuth, as the object is very small 
and also as the declinations of stars change very gradually the recording 
of the date of observation is sufficient, and only the passage of the star 
across the intersection of the wires is required. The star should be allowed 
to intersect" itself by manipulating either the horizontal or vertical screw 
for slow motion and allowing for the apparent inclined passage of the star. 

In azimuth observations the lower plate will remain clami>ed through- 
out and as suggested, for preference, with 0* of A vernier on face left ” 
o(n the magnetic meridian. 

The following example of observations and computations to a star ror- 
meridian will show how the fieldahook^entry is kept, etc. As azimuths are 
for all practical purposes correct enough to a half minute the barometer and 
thermometer corrections are unnecessary. The footnotes on page. 85 are 
important. 
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CoMPDTATios. 8th JeCnmry, 1914. 



o 

' 


0 

1 


Object E. or W. . 

/> Aurigae E. 

a 

Pogasi W. 

Mean Zenith Distance 

52 

05 

57 

43^ 

19 

50 

•f Refraction — Parallax 

+ 

01 

15 

+ 

00 

.55 

Corrected Z. D. = p 

52 

mm 

32 

43 

20 

45 

Co^atitude - o 



00 

60 

08 

00 

N. r. Distance = : 

45 

03 

25 

75 

15 

26 

2s 

157 

18 

37 


m 

11 

8 

78 

89 

19 

m 



8 Z 

33 

35 . 

54 

14 

06 

40 

8 — 0 

18 

31 

19 

20 

14 

06 

1 -p 

26 

32 

07 

46 

01 

21 

Log cosec < 

0 

008 

5695 

0 

000 

0264 

„ (« - 0 

0 

256 

9865 

0 

612 

9608 

sin (8 - o) 

1 

501 

9733 

1 

688 

7693 

»« »> p) ••• 

] 

650 

0633 

1 

857 

0987 

Sum ac Log tan* 

1 

417 

5926 


n 

8552 

„ tan 

r 

708 

7963 


H 

4276 

^A 

27 


■a 

50 

12 

38 


54 

10 

28 

100 

25 

16 

Angle R. M. and Star f 

338 


05 

127 

46 

20 

Azimuth of R.M. from N. 

27 

20 

38 


■ 

04 


* When the Star is of the mendiftn the azimuth of the ptar is to be - 


added to 


^ v«^ p, . ^ ^ the angle B. M. and 

west subtracter! from 

Star; if the result is subtract it from 360°; and if positive but greater than 360° deduct 360° from iU 

To the result thus obtained convergenqr is to t 


adder! I to • i ^ w<?8t ... 

— azimuth observed . of origin. For oouver- 
subtracted from east 


genoy oorreotion see para. 181 Part I. (Oonvergenoy is roughly 90* per mile in Lat. 

t Always subtract the reading Qt the Star Irom that gf the Ri M» to get the angle B. hli and Ptar* 
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If the above azimuth had been taken 2 miles E. of the origin the 
beating to be used in ordinary traverse computation would have been 
27® 2r— r = 27° 20'. Magnetic Variation E (approx.) 

68. Azimuth to a circ umpola r star at elongation A 

circumpolar star is one whose N. P. D, is less than the latitude of 
t.he place, or in other words, whose d ecHnati on is greater than the 
colati ^ude of the place. It can thus easily be conceived that a circum- 
polar star never sets or goes below the horizon of the place at which the 
observation is taken. Polaris is the star usually observed and a few facts 
concerning P ol aris would not be out of place here. If the times of W. or 
E. elongation of Polaris is not suitable any other circumpolar star will 
give just as good results. Polaris is known as a J\{ippris or the 
bright star of the ‘‘Little Bear” (in America this constellation is known 
as the “Little Dipper).” The “Great Bear” or Ursse Majoris has two 
stars pointing direct to Polaris. The “Great Bear” is known sometimes 
as the “Great Dipper” and sometimes as the “Plough.” The p ointe rs 
are at the end of the dipper opposite to the handle. The last star but 
one in Ursae Majoris is njrsae Majoris or “Mizar,” When Polaris is 
vertically over Mizar then it is nearly on the meridian. 

The polar distance of Polaris is now about P 07', this distance 
will decrease at the rate of J minute a year until tbe star is about 30 
minutes from tbe pole when it will begin to increase. 

When we say the N. P. D. of Polaris is P 07' its N. P, D^erwijl be 
1° 07' at the equator, that is, that the angle of 1® 07' from the. 
meridian will only hold good on the equator or at latitude O'* when the 
zenith and celestial equator coincide. Directly the observer moves north 
his zenith approaches the pole, and although tbe N. P. D. of the star 
remains constant, at elongation the angle at the zenith between the star 
and pole increases. At N. latitude 40® it would equal 1” 22' 13" or sin 


star’s bearing = 


sin NPD . sin PZO __ sin PO 
cos lat sin ZOP ~ sin ZP 


and ZOP = 90“ and ZP = 


90" — X. For this reason the correction for latitude enters into the com- 


putations. 

By consulting Napier’s rules of circular parts fpara. 61) when the 
angfe’Itt), the object, is 90* we obtain the following: — 

Sin = cos - Z ) cos o J = sin Z sin o. 


.•.sin Z = sin azimuth angle = 


Si n NPD 
sin colat. 


sin NPD 
cos lat. 


( 1 ). 


star is said to be at elongation when the angle at the btar between the plane of the declination circle passjinf 
the star and tbe plane of the vortical circle passing through tbe star Is 
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again sin (-f- -- = cos p cos z. 

/. COS p = sin altitude = ^ r= (ii). 

and again sin = cos P = cos A. a. = tan — o) tan z 

= tan latitude x tan N.P.D (iii). 

and thus we find the angle, time and altitude of any circumpolar star 
at eastern or western elongation. The altitude it must be remembered 
is the true altitude uncorrected for refraction. 

Example on the 11th November 1915. The following elements were 
given ; — 


■q Draconis (W) 

( Draconis (W) 

RA 16\ 22">. 49“ 

17’>. 08”'. 30* 

N.P.D. 28°. 17'. 45“ 

24°. 10'. 51" 

S.T. at L.M.N. 15^ 17”'. 20* 

15\ U”*. 20“ 

Lat 29°. 52'. 00" 

29°. 52'. 00' 

Therefore considering the formulae for Oos P, sin Z an 

following computation is necessary. 


tan \ 1-7591022 

1.7591022 

tan N.P.D. 1-7310653 

1-6522616 

Log Oos P 1-4901675 

1-4113638 

4 h.a. 4-47-58 

4 5-00-14 

R.A. 16-22-49 

17-08-30 

L.S.T. of obs : 2r’l0^7 

22-08-44 

ST@LMN 1517-20 

1517-20 

Sid Irit. from LMN 5*53*27 

6-51 24 

Retard : 58 

1-07 

Mean Time (Local) 5’52*29 

6-50-17 

Correction for Stand : T 18*24 

18-24 

Chronometer time 6* 10*53 

7-08-41 

Sin NPD 1-6758005 

1-6123789 

Cos \ 1-9381126 

1-9381126 

Log Sin Z T-7376879 

1-6742663 

Azimuth angle (Z) 

28°-ll'-14' 

Sin \ 1-6972148 

1-6972148 

Cos NPD r-9447352 

1-9601173 

Log Sin alt 1-7524796 

1-7370975 

alt 34°-26'-29' 

33°-05'-05' 

refraction 4 1-23 

^128 

app. altitude at elongation 34°-27'-52’ 

38°-06'-88* 



CHAPTEB in. 




The above shows that the time of Elongation of one star by the clock 
keeping standard time was 6 h. 10 m. and 5H s. and of the other star was 
7 h. 08 m. 41 s. 

To take the observation set up and level a theodolite very accurately 
over a mark (generally a traverse station) and as advised, in a previous 
para, to avoid mistakes, put on the magnetic compass^ set the two plates on 
face left A vernier to 0,*' open or release lower clamp and rotate instrument 
till the needle of the compass shows 0.® Clamp the lower •plate. The 0® 
line of the instrument is now with reference to the magnejicjneridian. 

Set up a lamp on the R.M. which will be either on the back or 
forward traverse station as a referring mark (R.M ) and read the angle to 
it on both faces. Let such a mean angle be 56° 52' 20.*^ This should 
bring you up to a few minutes before the time of elongation, and in case 
your clock is not very correct it would be as well to leave a margin of a 
few miuuiea^_jh^jclpc.lL^ corrected and an allowance made for 

local time as against standard time. For ^ Dj^c^is set the vertical arc 
to 34"* 26' and if you do not quite know the star set the horizontal 
wnier to read 360®— 33® 08' roughly. The star will be lecognisable and 
as the altitude has not been augmented for refraction the star has still to 
rise higher in the telescope and therefore has not yet reached its elongatioDt 
Watch ft now very carefully and immediately it is seen to be rising 
vertically along the wire (falling in the telescope for eastern elongation) 
clamp and read the horizontal plate, and if you have time change face and 
read again to disperse eollimalioji error. Polaris for 10 minutes or so of 
time on either side of elongation does not cliange mere than 10 secs, in 
arc and therefore wirli Polaris there is sulficient time to take it on both 
faces. In case botli faces are not taken, the reading to the star will be 
referred to that of the R.M. on the same face only. Having: now obtained 
the mean azimuth angle on the theodolite we can find the line of true 
north by subtracting the computed value from the observed value. 

Correct now the magne.Uc^J^ring of the R.M. to obtain azimuth 
of R.M. 

Note that the time and altitude, except as a rough guide for the 
position of the star at elongation, do not enter further into the oal- 
culations. The R.M. may be observed after the star. It is neither 
advisable nor possible to leave an instrument standing till daylight to 
observe to a peg or any defined mark, and a lamp on the B.M. provided 
the R.M. is not too close is sufiSioiently accurate as a mark for all traverse 
purposes in which an azimuth to k niinute in correctness is deemed 
necessary. Convergency correction to be a{^lied as in para. Idl, Fart 1. 
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69* To find the meridian by Polaris. — This method is given 
in Taylor’s “ Handbook for Surveyors ”, and is worthy of note, as no 
nautical almanac is required, and it is not every engineer who has an 
almanac, and with the following tables, a rough knowledge of the 
observer’s latitude and a fairly good idea of the local time of observation, 
a correct meridian is possible. 

Table L gives the epochs or times of equal date in April when the 
Meap Sun and Polaris are on a meridian together that is when the ap- 
parent R. A. of Polaris and the R. A. of the Mean Sun agree. 


Year, 

Epoch. 

Year. 

Epoch. 

1924 

15-0 

1930 

16*4 

1925 

15-7 

1931 

16*6 

192f) 

i 16-1 

1932 

16-0 

1927 

16-4 

1983 

i 16-4 

1928 

i 15 7 

1934 

16*8 

1929 

16‘1 

1935 

17*1 


In 1924 with Epoch 15*0 showed that the mean sun and Polaris were 
on a meridian together on the 15th April at 12 midnight (14th and 15th). 
The next day the sun will reach the meridian nearly 4 mins, later than 
Polaris, and thus the hour angle of the star will be more than that of the 
sun by 3*94 minutes multiplied by the number of days after the epoch to 
which must be added the angle between the sun and Polaris on that day 
and if we call this hour angle from Table II., given below, we obtain an 
angle which multiplied by the azimuth co-eflScient in Table IIL gives us 
the correct azimuth. 

Table II. Table HI. 


Hours (t), 

Angle (a). 

Hours (i). 

Lat. 

1920. 

1930. 

1935. 

0 

0' 

24 





1 

25' 

23 





2 

49' 

22 


•76 

•72 

•69 

a 

69' 

21 




4 

84' 

20 





5 

98' 

19 


•81 

•77 

•78 

6 

96' 

18 




7 

92' 






8 

82' 



•91 

•87 

cp 

9 

67' 


1 



10 

47' 






11 

24' 



1'09 

1^04 

*99 

12 
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Example, — On the 7th January 1925 at B-40 p.m., L.M.T. the 
angle between Polaris and a Referring Mark was 
found to be 121® — 54* — 00\ What was the azimuth 
of the R. M. if the latitude of the place was 29^52' N.? 

Here the Epoch 15*0 for 1924 must be considered and the number of 
days lapsed since 14th — 15th midnight of April 1924 to 6 hours 40 
minutes p.m, L.M.T. on the ^th January 1925. To simplify matters it 
is better to count in full numbers of days from the 1st April of any 
one year to the full date of observation and subtract the value given 
in the Epoch. In this case we have the number of days as 30 + 31 4- 
30 + 31 +31 + 30 + 31 + 30 -f 31 + 6*78 = 281*78 - 15*0 days 5 ^ 
266*78 days and thus the hour angle between the mean sun and 
apparent R. A. of Polaris at the time of observation, since the gain is 
3*94 minutes per diem, is 266*78 days x 3*94 = 17*5 hours. 

We next want to know the position of P olar is with respect to the 
meridian and the position of the meridian is known since the sun was 
6*66 hours past it and thus the angle of Polaris with respect to the 
meridian or t = 17*5 4* 6*66 = 24*16 hours = 016 hours past the 
meridian (in the first quadrant). 

From Table II, we obtain 25' x *16 = 4 mins* 

^rom Table III. for latitude 29^ 52' and year 1925 we obtain *79 
(by interpolation) as a multiplier. 

Therefore Azimuth of Polaris was 4 x *79 = 3*08 mins west =: 3' 04*8". 

Therefore Azimuth of R M = 121"*54'*00" - 3'*05'= 12P50'55\ 

Example*— was the azimuth of Polaris at 6 hours 28 minutes 
L.M.T, on the 12th February 1926 ? 

Days elapsed since 1st April 1925 = 30 4 31 + 30 4 31 4 31 + 30 
+ 31 4 30 4 31 4- 31 4 11*78 = 317*78 days and epoch for 1925 = 15*7. 
Therefore the number of days elapsed since Polaris and the sun were on 
a meridian together = 317*78 — 15*7 = 302*08 ; which multiply by 3*94 
giving as a result 19 hours 50 minutes. 

To find the position of Polaris with respect to the meridian, 6 hours 
28 minutes must be added to 19 hours 50 minutes wJhich equals 2 hours 
1& minutes. Thus the star is in the 1st quadrant (W. of North) and 
< » 2 hours 18 minutes. Interpolating in Table II. we obtain H = 55' 
00" and reducing by Table III. the true azimuth of Polaris W. of North 
is 55' X *79 = 43 minutes 27 seconds West. 

70. Observations for Time ex-meridiaQ to a fixed star 
or the sun* — it is necessary, to get the best results by observations 
to a star; to select one on the prim^vertical when the apparent 
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n^ovemdot of a star is greater and therefore gives the best time results. * 
If the latitude of the observer is 30^ N. then stars in the N.A. with a 
declination N. of 30^ will be on the prime vertical. 

Set up the theodolite and level it very exactly, specially the upper 
level or vertical arc level. If this level is fixed on the telescope it jia 
necessary to first set the vertical arc to 0^. If the theodolite is not 
fitted with a re flecting c ap take a band of white paper about 2^ inches 
wide, fit it over the objeoL-glass end of the telescope with a pin, and 
tear off a small quantity overlapping the object glass and leaving, so to 
speak, a small tongue which is then bent inwards at an angle of 45® or 
so. The light of a lamp or a small lantern thrown on to this bent 
tongue will be reflected down the telescope and will illumine the wires 
of the diaphragm and the light can he regulated either by altering the 
angle of the bent piece or by holding the lamp closer or further away 
from the paper. The correct illumination will have been obtained when 
the^ires and star are equally visible. Too much reflected light is a 
mistake. To get the star in the view of the telescope arrange that the 
lanterns, etc., near by are hold away from the theodolite, then sight 
along the top of the telescope to the star, and the star should be in 
the field of view of the telescope. Some theodolites of large pattern are 
fitted with gun sights, but a little practice with the ordinary theodolite 
will make this preliminary work quite easy, the observer remembering that 
the direction of the motion of the star is inverted in the telescope, and that 
a bright star to the naked eye will appear a bright object in the telescope* 

The observer should set his telescope on any bright star, focus it 
to a point so to speak, disperse paj^allax, and he is ready then to 
commence work. The star he selects t is next brought in view in the 
telescope, his vertical level is examined and the light is reflected on to his 
di aphr agm. He next sets the star as close to the vertical wire as possible 
if the star is in the east above the horizontal wire, and if in the west 
below it.J*^ In the ordinary theodolite it often happens that the lemses are 
only optically correct near the centre and observations should be made 
as close to the field of jsross hair as possible. The flare seen through 
the telescope means that the lens is not sel, §quave and to be true tlw 
star should focus to a steady point so to speak. Having finally ascer- 
tained that the levels are correct he calls ‘‘ ready ’’ to the recorder and 
ti me-ke eper, and if there is no recorder he should test his counting of 
seconds by his watch and try and obtain as near as possible the correct 

. • When the mean ol B and W stars for Time or the mean of N and a stars for latitude is accepted there is no 

need to change faoe B. G. S. JournalJuue 1917, 

t Stars of the first magnitude or very bright stars do not give such good results as tliose of lesser magnitudes. 

X In Time observations he should not observe the star at the Actual intersection of the cross wires as this is 
where the gdftss is often splintered by the engravers tool. 
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beat ; he goes on counting till the star crosses the horizontal wire and 
making a mental note of the intersection, continues counting and examines 
his watch to see what error has accrued in the interval ; if he 
is not satisfied he should do it again, but with a little practice and 
experience a few seconds need only lapse for the whole operation of 
counting, etc., so that the hfiat ” error is a negligible quantity.* 

If there is a recorder he, on the caution ready,” starts counting 
the seconds and calls them loudly, and the observer at the crossing 
calls the second he wishes registered. It is not a good practice to 
say ^‘now” 5* up”, etc. The recorder enters the seconds called and 
makes a carefuTnote of the minutes (the watch or clock should be set 
before observation so that the full minute of the minute hand is reached 
when the second hand shows 0 seconds). Mistakes are usually made 
in the minutes when recording just as in levelling the feet are often 
recorded wrongly because the l eveller is too intent on getting the decimals 
correct. He next changes face and goes through the same operation in 
exactly the same order, the recorder noting that if the star is in the east 
the next values given him will be greater in altitude and vice versd if the 
star is in the west. It is not advisable to take observations to a star of 
lower elevation than 25^ owing to the refraction correction increasing 
and being less reliable. 

The observer should next take a star in the west if his first star 
was in the east. This balances the observation on each side of the 
meridian and also eliminates the personal error of taking a star some- 
times slightly above or slightly below the horizontal wire. Since the 
conditions of incorrect intersection are, so to speak, equal and opposite 
the mean of the times on east and west disperses this personal error. 
Thus, th6^ altitude of a certain N.A. star has been observed and connected 
to the tinie of a clock or watch on a certain date, and it has already 
been explained bow, if latitude is known also the declination of a star 
and if altitude (corrected for refraction) is found, the spherical triangle 
can be solved when the hour angle is found and, vide para. 63, the 
arror of the watch can be calculated. 

The following steps in observing are recommended : — 

Adjust theodolite, sight star, focus and regulate the lighting, call 
ready intersect star, call second of intersection, read vertical arc 
verniers (object end first), change face, etc. 

In time observations there is no point in centering an instrument 
as a fairly large error in the assumed longitude or a small error in the 
assumed latitude will not give an appreciable error in the time result. 

* If the wnteaoe a thousand and one ” is repeated the exact beat of one second of time will occur on the word 
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The latitude and longitude are found on the standard maps of the locality 
usually to a scale of one inch = one mile, and of course there is no paint 
in clamping or otherwise using the horizontal plate of the instrument. 

When the sun is the object observed the best method is if> take 
the time when a limb touches the horizontal wire and without altering 
the vertical angle to take the time when the opposite limb leaves the wire. 
The mean of the two times and the one vertical angle will give on 
one face the apparent altitude and time of the crossing of the sun’s 
centre. Another way is to take only one limb and allow for the correction 
for semi-diameter. In any case on account of co llimati on error obser- 
vations should be on both faces. 

Example 1. — Observations for Time with T. and S. 6-inoh theodolite 
No. 1170. Latitude 18° 30' 23^ Longitude 73° 53' 06 E. Dated 
17-5-1907 Chronometer keeping standard time for longitude 82® 30' E. 




Example 2.— Observations for Time with T. and S. 6-inch theodolite 
taken at Uoorkee on October 30th 1923. llatitude 29° 52' 00'. Longitude 
77°53'E. Chronometer keeping standard timepr 18'-24'5 secs. fastofL.M.T. 
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•Example 2. — Altitude of the sun’s upper and lower limbs observed. 
Long. 7r-53' Thermometer, 70® F. ; Barometer, 28-85 inches. Civil date 
5.1-U A.M. 

The observation was conducted as follows : — As the sun was rising 
the tlm# was noted when the upper limb df the sun Crossed the horizontal 


• # wh«i to o* Meridian and Apparent Time is Itii - f if sun Is East of Meridian, 
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wire of a transit instrameot, and again noted when the liOtwer Uwb 
crossed. The altitude was then read r^This, therefore, was the altitude 
of the sun’s centre at the mean of the two observed times. The altitudes 
here given are a mean between two observations ; and the time, the 
mean of four observations. The working out of this example is I^t as 
an exercise. 

Ist set sun’s observed altitude) o.n no. c. .■ ... .r r. « 

, . J- = 34® 28 47*5 , time 1 U. 15m. 51-3«. 

of centre J 

2nd „ „ „ „ = 35' 26' 15-0’, „ UA. 2flm. 23^5^ 

Declination of sun for date and hour ... ... \29°’52' 

watcli or clock was keeping standard time for Longitude 82® 30' E., 
therefore 18m. 24’5s. must be subtracted from the above times to find 
the true watch error. 

t in time represents the true angle east of noon of the apparent 
time or sun time was 12 hours minus 1 hr. 14 mins. 29-4 secs. a.m. = 
lOhrs. 45 mins. 30'6s. A.M. on the 5th January, which, in astronomical 
time, is 22 hrs. 45 mins. 30’6 secs, on the 4th January at the locality at 
which the observation was made, or roughly 22| hrs. -- 5J hrs. (difference 
in longitude E. of Greenwich = 17^ hours at Greenwich on the 4th 
January. The equation of time on the 4th January at Greenwich is 
4 mins. 51‘5 secs, to be added ; variation per hour 1145 secs, increasing j . 
hence the result 5 mins. 11*7 secs, which must be added to apparent 
time to obtain mean time. 

For observations to celestial objects it is important- to remember 
the following : — 

(1) . Readings are read on both faces of the instrnment to correct 

instrumental errors. 

(2) . Two separate observations to correct mistakes 

(3) - An east and a west star to correct personal error of inter* 

section on the wire. ^ 

(4) . Stars of equal azimuth are selected to correct or counteract 

any error in the assumed latitude ^hpposing ^e eoireet 

latitude is not known. ‘ 

(5) . Stars of equal altitudes to correct ibr refraetioo. 

71. Latitude*' — When Polaris is at its upper transit and its altitude 
is corrected for refraction then by subtracting its N.P.Drirom the result* 
ing altitude the latitude of the place is found, and similarly adding its 
K.P.D. to the corrected altitude of its lower transit the latitude of the place 
is found, and lienee we also obtain the rule that the latitude of a place 

* Local attraction may cause the Astronomical latitude to differ from the Geodetic by several seconds owIm 
to the attraction of mass on the pendulum or plmnbob. llus difference cannot be ellmliiated by anyprooen 
6tM: observatione whatsooveri 
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is the mean of the corrected altitudes of a circumpolar star observed 
at its upper and lower culminations or transits. 

To observe to Polaris ^.r-meridian and then compute the results there 
are two methods — one from formula and the other from the tables given 
in the Nautical Almanac. They will both be treated of here. 

By formula — 

It has been given elsewhere that cos /? = cos o cos ^ + sin -e sin o cos P 2 : 

wherein P is the hour angle or t and if h = altij^ude, 0 latitude and p = 

NPD = 2 : we have sin A = sin (pi cos y + cos^ sin p cos t 2 (a) ; 

t the hour angle and h the altitude are derived by observation and 0 is 
the required latitude. Now the N.P.D. or p being small (at present less 
than P 10') we may develop 0 in a series of ascendin g pow ers of p and 
then employ as many terms as we need to attain any given degree of 
precision. The altitude cannot differ from the latitude by more than 
y ; if then we put 0 ~ A — cc ; aj will be a small correction ot the same 
order of magnitude as p, and we have by Taylor’s and Maclaurin’s 
theorems — 


Sin 0 = sin (A — s= sin A — cos A — ^ sin A + ^ ajf cos A -f &c. 
Cos 0 = cos (A — «'r) =r cos A + r sin A — ^ cos A — ^ sin A + &c. 


Siny = y — ^y^ *f &c., and cos y = 1 — ^ y^ + &c. 

These values substituted in equation 2 (a) give us— 

Sin h = [sin h — x cos 4 — -y sin h + &c,] [1 "• 2 + &c.] + 

[cos A + « sin A — ^ cos A sin A + &c.] [p — ^ + &c.] cos t 


X’ . 

= 5 in A — . 2 ? cos A — ^ Y A + p' cos A cos t 

+ xp sin A cos t + &c., or sin A = sin A — a; cos A + p' cos t 
cos A — J — 2^ p' cos t + p^) sin A + &c., 

then X cos^= p cos t cos A — ^ (x^ - 2xp' cos t + //^) sin A + &c 

and ^ = p' cos i ^ i (x^ - 2xp' cos t + p'^j tan A + &c., (a), 

for the first approximation we take « = p' cos t and substituting this in 
equation (a) neglecting the third powers of p and x we obtain a second 
approximation thus — * 

a p cos t ^ ^ (p'^ cos^ t 2p'^ cos^ t + p'^) tan A + 

» p' cos t - ^ ( - p'2 cos* t + p'*; tan A 

s= p' cos t -f ^p'* (cos* t - 1) tan A =: p' cos < + ^ p'* ( - sin* t) tan A 
sa p' cos ^ ^ p'* sin* t tan A, 

and there is no need to go further with the expression to find latitude 
to within T and since the angle must be in circular measure; 

^ SB p' cos t — i p'* sin r sin* t tan A 
or 0 =5 A p' cos t i y* sin 1*^ sin* t tan A. 
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If we take the first part of the equation without the small correction 


we have « = »' cos < or cos < = and 

vide diagram sin (90-t) =s ^ -= 

" ' p' N.P.D. 

and to find the altitude of the pole in 

quadrants 1 and 4 the formula will be 

A - ar and in quadrants 2 and 3 ^ A + a;. 

Prom this the latitude iT found plus the 

small correction ^ p'^ sin !-< sin« ( tan h. 



As before explained t is the hour angle in arc, so it is first necessary 
^‘*9- to find what the h.a. in time is' before the 



computation can be proceeded with and to 
find the Hm. in time we must first find 
the local sidereal time of observation and 
subtract from it the R.A. {see diagram for 
rough approximation), y 

If i in arc is in the 2nd or 3rd quadrant 
then pf cos t will have the opposite sign 
but \ sin 1" sin^ t tan h is always 
additive. 


Latitude from Polaris. 

Field Book. Bar. 28*5. Therm. 76,° dated 17-5-1907. 



*Oompare example I.— Computation for Time— -which observations were taken before and after the above 
to obtalq watch or clock error. 
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Computation for latitude by the foregoing formula. 

h, m, 8» 


Mean of watch times = 9 22 84 

Chronometer error (set example I., page ^ — 0 38 58 


94) (for L.M.T. not Stand : 

: Time). 


True local mean time of observation ■== 

8 43 86 ] 

Acceleration = 

1 ‘26 / 

Sidereal Interval from L.M.N. 

=: 

8 45 02 ( 

Sidereal time at L.M.N. 


3 35 19*9 ) 

•Sidereal time of observation 

=r 

12 20 21 9 

(that is the time since Aries was on the 
meridian). 

Latitude = // — cos /. 

+ ^ p'* sin sin* t tan A. 

h. m. s. 

Sidereal time of observation 

= 

12 20 21*9* 

star's R.A. 

= 

1 24 67*98 

hour angle in time (see diagram Fig. 22) = 

10 55 23-92 

hour angle in arc 

=5 

163^^ 50' 59" (2nd quadrant) 

and = N.P.D. = 11' 35’28'' for Polaris on 17-5-1907 

= 4295'23 secs. 

'V 

log p' = 3-6329864 

log p'* 

= 7-2657 

log cos t = 1*9825134 

log sin*^ 

= 2-8886 


log tan h 

= 1-4947 (17" 20' 51-86"). 

3*6154998 

log ^ sin 1" 

= 6-8845 (log sin 1''— log 2). 

=■ 4125*71" 


0-0335 

= [0 08' 45*71* 


1*08* 


,% latitude £= 17^ 20' 51-86* -f 08' 4571- + I 08* 
5= 29' 38'65." 


Latitude by an altitude of a star observed in any position can be 
found very simply if a Time observation has been taken. The calculations 
are based on the formula as before but N. P. D. is substituted for h and 
we get 

Sin h = sin ^ sin ^4- cos ^ cos I cos t. 

Where ^ is the only unknown quantity. 


« SSdertal time of observation =: S* Int. from L.M.N. ^ 8T at L.M.N. 

/•BiA. a 8.T, of observation /. A. a = a.T, of observation— B.A. Cpmau 63^ 
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By introducing two auxiliaries d and D determined by the equations. 


sin D = sin h (a) 

d cos D = cos h cos t ....(a') 


and by substituting the value of d from (a) the equation becomes « 
cos — D) = sin h sin D cosecT^ 

also = tan D = tan ^ sec 

This will give two values for latitude but in computing Example 2 
Form K a value of latitude 29^52' has been accepted as near enough 
and the deduced value from the formula above will show which one of the 
two is obvious. 

From example 2 Form K we obtahi the following : — 


a Ophiuchi, 

a Andromedee. 

decimation = r = 12" 37' 10" 

28" 40' 20" 

corrected altitude = ^ 4 1" 54' 06" 

49" 54' 41" 

t (arcj ^ 48^ 39' 06" , 

46" 16' 18' 

log tan 7 = 9*3500208 | 

9 7378714 

log cos t = 9*8199617 j 

9*8396288 

log tan I) = !t'5800591 ' 

9-8982426 

U= 18M3'16'' 

33» 20' 54" 

log sin h 9*8246817 

9*883583) 

log sin D = 9*5064536 

9*7927004 

log cosec ^ = 0*6605994 

0*3189414 

log cos (f — D) = 9'9917347 

9 9952249 

0 — D = HBOS'S!" 

8° 28' 57* 

^ = 29° ol'oO" 

29“ 52' OS' 


72. By circum-meridian altitude — For various reasons, the 
mean of several observations on a star, when they are taken closely follow- 
ing each other, and at about equal intervals of tinie, is more to be depended 
upon than any one of the individual observations. A s only one obser - 
vation can be take n when the star is crossing the meridian and vertical 
collimation supervenes it is more convenient to take a series of observa- 
tions when the star or heavenly body is Uear the meridian, and reduce 
each observation to the meridian. This method is susceptible of very 
great accuracy, and has the advantage of being able to be performed 
either by a theodolite or a s exten t ; and, besides, the exact position of 
the meridian is not required to be known, consequently the observations 
necessary to lay down the meridian can be dispensed with.* 

For this observation, the error ot the clock must bo accurately known, so as to allow of the mean tiiot of apparent 
noon being determinea. 
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The formula for the reduction to the meridian is ^ (in secs.) 
5= cos (approx, lat.) sin N.P.D. cosec (approx.) Z.D., where t is 

the hour angle, i.e., the distance of the body from the meridian. The 
fraction is calculated in Table V.^ for all values of t up to 20 

minutes of time, and as this may be on either side of the meridian, so 
the observer may make his observations any time within 40 minutes 
of time, instead of being confined to one observation at a precise moment. 
This method is of great use when the observations have to be made 
with a sextant — in which case the observations need only bo made upon 
the sun’s lower limb — and the hour angle t will be obtained by applying 
the error of the clock to the observation, and deducting this from the mean 
time of apparent noon. In the following example an 
ment has been used, and the angle t is formed as shown in the foot-note. 

Example , — Observations made at Malikpur on sun’s lower and W. 
limbs, November 21st, Barometer, 29*3 inches; Thermometer, 85°. 


Observed altitudes 

Times. 

Hour angles * 

Value from 
Table V. 

0 

1 

H 

h. 

m. 

8. 

] 

m. 

8. 

8, 

89 

59 

00 

11 

00 

40 

E. 

5 

08*7 

50*3 

89 

59 

20 


01 

58*5 

E. 

3 

50*2 

29*9 

39 

59 

40 


08 

07 

E. i 

1 2 

86-7 

13*4 

89 

59 

40 


04 

n 

E. 1 

! 1 

82*7 

46 

40 

00 

00 


05 


E. 

0 

31*7 

0-6 

89 

59 

40 


06 

06 

W. j 

0 

22*8 

0-8 

89 

59 

20 


06 

54 

W. 

1 

10*8 

2-7 

89 

59 

20 


07 

57 

w. 

2 

13 3 

9-7 

89 

59 

00 


08 

48 

w. 

8 

04*8 

186 

88 

58 

40 


09 

48 

w. 

4 

04-3 

82-6 

39 

59 

20 

i Mean of observed 
( altitudes. 



Sun 

Mean 

m 


Ai 'io * j Corrections for refrac- 
** ^ \ tioiis and parallax. 

+ 16 14*05 Seuii-diumeter. 

40 14 81 *55 True alt. of sun’s centre. 

h. m. 8, 

11 45 58*66 Mean time of appt, noon 

01 09 07 1 semi-dia- 

( meter passing meridian. 
41 24*00 clock error, slow. 

11 05 48’7 clock time of transit. 

-f 17*86 Correction to ineiidian. 

29 52 00*00 approx, latitude. 

40 14 48*9 1 Meridian altitude. 

49 45 11‘99 Zenith dietance. 

-19 53 45-80 Uecl, South, 

Cos approx, lat. ss 1*9881126 

Cos decl. = r9732267 

Cosec. zenith dist. ss 0*1172680 

Log 16-26 ss 1*2111206 

29 51 25*29 Lat. of Malikpur. 

i._ , j 

Log 17 36 sees. = l*2897228t 


•These hour angles are obtained by applying the error of tlic clock, and albo the mean time of the semi- 
diameter of the Sun passing the meridian, to the observed times the several diflei cnees bet^veeu those corrected 
tiqMyi and tbc nean time of apparent noon are the hour augi<». 

t When a star is observed, 00023716 must be added to ibis logaritbui ou account of the chronometer keeping 
|Ma& mlar Upm and not sidereal time. 
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Example . — Star y Ceutauri observed on 17-5-1907 (compare the 
latitude observation on Polaris). 


B.A. of star 
S.T. at L.M.N. 

Sid. Int. between transit and L.M.N. = 

retardation 

Mean time interval between transit and L.M.N. = 
Watch or clock error -f 


= 3 35 


h, m. 8. 

12 36 25 1 
20 I 


W atch time of transit 
Difference of time from 9 A. 38 m. 34 s. 

m. 

4 43 
1 22 
2 17 
6 33 
9 35 
12 20 
15 20 
17 81 


Table (/) values ( 


9 01 05 
1 29 

8 59 36 
38 .58 

9 38 34 

2 sill' y, 

~ sin r~ / 


44 

4 

10 

84 

180 

299 

461 

602 

8)1614 


from 

N.A. 


210-5 = m. 

Since there were 8 observations taken then m the mean = 210-5, 


Mean observed Z.D. 

Refraction 


66 57 10 
+ 2 04 


Approx. Z.D. (t) 
N.P.D 

Approximate colatitude 


66 59 14 on meridian. 

138 27 11*4 (90 4* ^ since star is 

in the south or has 

71 27 57*4 a declination S). 


approx, latitude 

log oosec approx. Z.D, 
log sin N.P.D. 
log cos approx, latitude 
log m. 


18 32 02-6 

0- 0360150 

1- 8216655 
1*9768701 
2 3232521 


2*1678027 = 2' 23 


* These yalues are obtained from the record of observations on pag^ftir and represent differences between 
the true watch tune of transit and time of observation that is 9h. 38/71 Ms.— 9/i. 33m. ftls. = im, 435, etc. 

t The approx. ZD is too large .*. N.P.D. - approx. ZD • oolat. is too small 90 — oolat ; ig too large s 
(approx.) latitude too large henoe the correction ii Rlvayi minus 
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2' 23*8" represents the quantity (leso than the approx, latitude) which is 
required to reduce the approx, to the correct latitude. 

latitude ^ 18" 32' 02*6" — 2' 23-8" 

^ ir ii' 38 - 8 " 

and this value should be balanced against one on Polaris {2nd result) ; 
therefore the mean latitude is 18" 29' 38*72". 

73. Longitude. — Longitude is the dilference between the meri- 
dians of two places measured in arc on the equator. 

As the apparent daily motion of the stars is uniform, and in circles 
parallel to the equator, the time elapsed between the transit of a star 
on the meridians of two places is evidently proportional to the arc 
between them, to tlieir Jirterence of longitude. Hence, ^time may be 
taken as measure ot longitude ; and astronomically speaking, usually is 
so employed. As there is no fixed point on the equator from which to 
measure longitude, many nations choose the meridian of their own 
observatory as a zero point. 

if then we know the local time of any place, and also the local 
time of the place we are at, the diflferenco between these would evidently 
give'the difference of longitude of the places in time. 

l 5 ^ Method * — Tne simplest way to determine this would be to send 
a chronometer, set to the local time of the first place, to the second, 
and then determine its error compared with the local time of the place 
by any ot the previous methods. For small distances this is very 
accurate, and at .sea is used throughout a whole voyage ; but, as the 
rate of a chronometer, when travelling, differs from its rate when at 
rest, any error in the chronometer’s rate will affect the deduced longitude. 
As one cannot, moreover, always send chronometers about from place 
to place, it is useful to know other methods. 

2nd Method , — It is evident from the above that if a signal, such 
as the flashing of a light, of a rocket, etc., or some peculiar occurrence 
in the heavens which would present absolutely, the same conditions of 
observation at the same moment to all parts of the world, could be 
observed at several pli^ces, and the local time noted, the differences 
between the observed times would evidently be their difference in longi- 
i ^e. Th^ ^clipses of Jupi ^^r’s, satellit es are almost the only available 
selestial phenomena fulfilling these conditions ; they are tabulated in the 
‘ Nautical Almanac,” and furnish a very accurate method of determining 
the longitude ; as however a telescope ot much greater power than any 
that the engineer is likely to possess is required, so that tho immersions 
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emersions, transits- or shadows of the satellites may be distinotly noted, 
this method cannot always be employed in practice. 

3rcl Method , — The moon’s motion in ri^jht ascension is so rapid 
(being in about a month), that the interval between its transit 
over the meridian<s of two placo^;, differs considerably from that of a star 
over the same places ; tiiis difference is the change of right ascension 
of the moon in that interval, and if that interval be not great (i.e , if 
the difference of longitude he small), it is proportional to it. As the 
change of the moon’s right ascension is not uniform, this is not quite 
true when the Jongihudo is great as in India, and the calculation on 
that account becomes more troublesome. The correction to be applied 
is, however, small, and being troublesome, may be neglected, unless 
great accuracy be required. 

The right ascension of the bright limb of the moon is given for 
both upper and lower transits over the meridian of Greenwich for every 
day of the month ; also its change in right ascension for one hour of 
longitude ; also the right ascension of four tolerably bright stars of 
nearly the same declination, which transit at about the same time at 
Greenwich ; they, therefore, culminate at nearly the same altitude and 
time with the moon, and the corrections for refraction and instrumental 
errors are nearly the same for each ; these stars are called moon cuhni'* 
natincf stars. 

It is evident from the above, that if a transit of the moon’s bright 
limb he observed, and also that of one of the above star®, and the 
’difference of the times compared with the similar difference given for 
Greenwich, the difference of these differences will be the change of 
the moon’s right ascension due to the longitude of the place, cleared 
of chronometer error ; whence the longitude can be deduced as above. 

— If the chrouo meter error and rate be very accurately known, it is 
not necessary to observe the transit of the star also, but always advisable to do so, 

In finding the time when the moon’s transit may be expected to take place, 
the right ascension given in the Nautical Almanac must be corrected (when 
the longitude is so great as it is in India) to allow for the change of right 
ascension due to the longitude of the place, or else the transit will probably be 
ost. It is sufficient to know the longitude approximately for this purpose. 


• This is the change in right usoeiisiou of the hnght limb and is thereiore cleared of the effect of chAage 
of semi'diamtter. 
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Emmple . — To determine the longitude of Roorkee by ohservationa 
on the transits of the moon’s bright limb, and a Soorp ii (Antares) on 


Jane 18th, 1861. 



Transit of a Scorpii. 

Transit of moon’s bright 

Ohsevvtd times.- 

Obserttd times. 

H, M. s. 

H. M. 

B. 

10 17 216 

10 ae 

28 

42 


43-5 

62*6 


64 

82-6 


84*5 

102 


104- 

10 17 810*5 Sums. 

10 36 

319 

10 18 02*1 1 Times of transit over 1 
w--— V— 1 mean wire. f 

03*8 

1 

10 18 

02*1 

/. Difference at Roorkee in 1 
mean solar equivalents j 

19 01-7 


Coarersion into ( 

equivalents. ^ 


M. s. 

19 03*l2_ 
01-00 
00 70 . 


— — ( Sidl. mtepral between transits of moon’s 

19 04*82 ( bright limb and star at Roorkee. 


R.A. of moon I.U. at tnaisit at i 
Greenwich on 18ih June, 1864. ) 
R.A. of a Scorpii 


H. M. S. 

16 53 38*16 
16 21 08*46 


32 29*70 
19 04*82 


Sidl. interval do , do , 
at Greenwich. 

Do., do , at Roorkee, 


13 24*88 


Change in U.A. of bright limb of ) 
moon, due to long ot Roorkee J 
But var. of moon’s R.A, in 1 hour of longitude at upper transit 
at GreenwichT, 18th June, 1864 
Do., do., do., do., do., 1 2 hours previous 


secs. 
+ 165*71 
- 15271 


Change of variation in 12 hours 
Change of variation in 5^ 10"^ approximate longitude, East 
/.Variation of R.A. of moon’s bright limb in 1 hour at Roorkee 
Do., do., do,, Greenwich.. 

Do., do., in 1 hour half way between 
but total ehange zs 18“ 24*88«, 


s= + 

= - 

= 154-42 

= 15671 

s + 15/06 


M. 8, 

i^ongitude of Roorkpe s= * (hours) = 5** U“ 26*, Ewt, nearly. 
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4th Method . — The distance of the moon’s bright limb from several 
bright stars and planets is given for every third hour, for every day 
in the month on which the moon is visible, in the “ Nautical Almanac.” 

If a similar distance be observed at any other place, a comparison 
of the two will enable us to determine the longitude of the place, by 
a calculation similar in principle to the above. 

The advantage of this method is that a sextant, an artificial horizon 
and a chronometer, alone are required. 

It can, therefore, be used at sea, where it is, in general, the only 
available method, independent of the chronometer showing Greenwich 
mean time. It is not, however, a satisfactory mode of dealing with 

longitude, so no calculations by this method are shown here. 

# « « # « # 


A few interesting facts concerning the s olar system 


Name 

Diameter in miles. 

Density, eaith as 1. 

§ 

X 

y 

k 

Distance liom sun 
in millions of miles. 

Perio<l of revolution 
in days. 

Velocity in orbit, 
miles pel hour. 

Veloc ity of rotation 
at equator, in miles 
per hour. 

Mercury 

3,030 

lU 

’T,865,7W“ 

36 

88 

105,830 

• 

386 

Venus 

7,700 

0 92 

1 

401,211 

67 

225 ' 

77,050 

1,010 

Earth 

7,918 

i-oo 

1 

314,760 

92*8 

365J 

65,533 

1,040 

Mars 

4,230 

0-52 

1 

142 

687 

53,090 

628 




2,546,247 




Minor Planets ... 

... 


• • • 

• 

250 to 
500 

... 

... 

• •• 

Jupiter 

86,500 

0-22 

1 * 
1,046 

483 

4,332 

28,744 

27,985 

Saturn ... 

70,000 

0-12 

1 

3,496 

900 

10,759 

21,221 

21,538 

Uranus 

31,500 

0-18 

1 

1,800 

80,687 

ll,9'63 

10,921 



1 

24,899 





Neptune 

84,800 

0-17 



2,800 

60,181 

11,968 

7 


I 

! 

18,780 





Sun 

865,000 

0'2o 

... 



• • • 

40,407 

Moon 

2,163 

0*63 

1 

21,490,744 


... 

! 

2,273 

10 


If the sun were a ball nine feet across, our earth would, in propor- 
tion be the size of a one-inch ball and at a distance of 323 yards from the 
snn. The moon would be a speck the size of a small pea, thirty inohep 
from the earth. Nearer to the sun than the earth would be two similar 
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specks, tbjb planets Mercury and Venus, at a distance of a hundred and 
twenty-live and two hundred and tiffy yards respectively. Beyond the 
earth would come the planets Mars, Jupiter, Saturn, Uranus and Neptune 
at distances ot 500, 1080, 3000, 0000, 0500 yards respectively. (The 
^•Outline of History'’ by H. G. Wells). 

One or the parallax of one sec is equal to the distance away 

when the diameter ot the earth’s orbit subtends an aiif^le of one second 
= 326 light years. 

To have some conception of the magnitude of the cosmos and taking 
a parsec ” as an unit the diameter of the cluster of Hercules = 308 
parsecs that of Magellan’s cloud 340 parsecs or 110,000 light years. 

As an illustration of the parsec it is accepted that a hair subtends 
one second at a distance of 20 metres or 61 feet. 

New measurements just perfected by Dr. Francis Pease at the 
Carnegie Observatory at Mount Wilson California give the following 
for Atit ares (a S corpii). The diameter of this star is given as 400,000,000 
miles or four and a half times the mean distance which separates the 
earth from the sun. The star Mira in Cetus takes second place instead 
of Betelgeuso (« Orionis) the diameter of which is given as 250,000,000 
miles or about 25‘’/c greater than Betelgeu^e. The light from Mira takes 
160 years to reach the earth and i& 26 million times greater than that 
-of our own*sun. These comparisons however are amull compared to the 
iiebuia in Andromeda; which is said to bo distant at not less than 5)50,000 
years. In other words the light reaching us is that which left 
Andromeda nearly a million years ago. 

For further useiul information see “ W hittaker ’s^^manac ” any year. 

74. Sun-dials- — As it falls to the lot of many engineers in India 
either to have to set up a sun-dial or to get one repaired, it may not be 
out of place here to see how they are constructed. They are two 
kinds in common use, the horizontal and the vertical ; but dials can be 
adapted to a wall having any slope, in which case, however the calcnlatiQBs 
are not so simple. 

A sun-dial is a surface, generally a plane, on which a system of 
lines is drawn in such a manner, that the coincidence of the shadow 
of a straight rod or edge with any of them, points out the hour of the 
day in apparent time. The straight rod or edge is called the stilt or 
gmmon of the dial, and the system of lines, hour tines ; and when the 
stile is the edge of a plate, the latter is called a plate stzle. The plane 
of the plate stile is generally placed perpendicularlyy^o the plane of the 
dial, and if? ’■"'^-'-section with the plane ol the dial r/ealled the sub-siUe. 
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If a pole were set up in continuation of the earth’s axis, its shadow 
would apparently move all round it in the course of a day’s revolution 
of the earth, and mark the time on any graduated circle round its 
foot/ The stile of a sun-dial ^is always placed parallel to the earth’s 
axis, and though owing to its distance from the pole, it describes a 
circle round the axis^ s^s shadow practically does the same as if it 
were actually at the pole. If the dial plate were perpendicular to the 

stile, the hour lines required would just be at even distances of ^ 4 " or 

15* from each other all round, but in any case whatever be the inclination 
of the dial plate, hour lines are siinplv the inter ® ctions with the surface 
of the dial of planes passing through the stile, which, with the plane 
of the meridian, are inclined to one another at an angle of IS” in 
succession. The sun is always raised above his true place by refraction ; 
and the effect of this would be sensible when he is low down, but it 
is lost in the general indistinctness of the shadow when he is high. 

When the plane of a dial is horizontal, it is called a horizontal 
dial ; when it is vertical it is called a vertical or an erec t dial ; and 
when the dial is both vertical and perpendioular to the meridian, it is 
called a prime ve rtical dial. Dials may be constructed by means of a 
terrestrial globe, by dialling scales, or by stereogc apbic j ^ojection ; but 
the most accurate way embraces the principles of spherical trigonometry, 
75. To construct a Honzontal Dial. Let 8 NT be the plane of the 
dial extended to cut the celestial 
sphere, P the pole, SPN the 
plane of the meridian, and OPT 
the plane of an hour circle. 

„!^t is, that at that parti- 
cular time the sun is in the plane ji 
CPTi (higher or lower on the arc 
Ti P according to the time of (f 
year), and therefore casting OT ® 
as the shadow of the stile, CP, 
and marking off the arc NT 
round this circumference of the 
dial from the noon position of the shallow at ON. CP is the stile , 
and ON the direction of the sub-stile. PN is the latitude, TiCT is the 
hour line corresponding to the meridian, which gives the hours of the 

■ *Thi8tiwe wl’l be the tmie ad given J»\ the true Sun wd not that of the mean huu do that Smi-<llal tinu 
mutt always be oorreoted :t: and again for loagltade west or east of tUestandanl nieridiaato 

Obtain standard time of the place ( see para. 64;. 


Fi(f. 23. 
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same name in the forenoon and afternoon, as for instance, five o’clock 
in the afternoon and morning ; also SN is the hour line of twelve. 

Let I zi PN, the latitude of the place, 

h = angle TPN, the hour angle in degrees, 
and t = NT, the distance in degrees of the hour lines from N ; 
then in the triangle PNT, having the right angles 
at N - Fig^ 24. ^ 


sin I = cot h X tan t (see Napier’s rules of 
circular parts, para. 61). 

tan t = sin Z tan h, 

or log tan t = log sin I + log tan h — 10. 

For any given latitude = /, the above equation 
will give the values of f, when h zz 15°, 30°, 45°, etc. 

Suppose a horizontal dial is required 
for Roorkee,- latitude 29° 52'. 

Angular distances of the hour lines from noon will be — 



tan t ^ sin 29° 52' x 
=r tan 7° 36', 
tan t = sin 29° 52' x 
= tan 16° 2', 
tan t = sin 29° 52' x 
=r tan 26° 28' 


tan 15°, 


tan 30° 


tan 45° 


For 1 r.M. or 11 a.m. 

7" 36' 

For 2 p.M. or 10 a,m. 

16° 2' 

For 3 r.M. or 9 a.m. 

26° 28' 
and so on. 

On a brass disc of convenient diameter, mark off a diameter to 
represent the north and south line, and on each side of it mark off 
the hour lines at the estimated angles, t.^., 7® 36', 16° 2', 26° 28', and 
so on. To this disc affix the gnomon, also of brass, the slant side of 
which must make an angle of 29° 52 with the plane of the disc. Now, 
by means of a spirit level, carefully level in all directions some place, 
not liable to be shaken, so as to receive the metal disc. Then, having 
found the meridian by one of the methods described, carefully make 
the N. and S. line of the disc coincide with it, and then finally secure 
the disc to its stand. 

It should be noted that in the above the g SBino h is supposed to 
be a line, so that its shadow is cast by the centre of the sun,' but if 
as is usually the case, the gnomon is a plate, then the shadow of its 
edge is cast by the highest point of the sun, and therefore the shadow is 
about one minute too slow before noon, and the same too fast after noon. 

To read the sundial add or subtract this correction also add or subtract 
correction for equation of Time and finally correct difference of Local and 
Standar d Me a n time. 
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A sun-dial can be projected grapl^lly by the following method 



tan < as sin / tan h is the ordinary method of projection on XY and Do 
but if I s® latitude and the angle ABO is projected as cot~> sin A as for 
instance for latitude 29®, 52' ; then natural sine 29® 52' = ‘4979833 =& 
cot 63° 32'. Draw DC at right angles to XY and let the angle ABC = 
63° 32'. Bisect AB in E and draw EO at right angles to AB and equal 
to EB or EA ; with 0 as centre and OE as radius draw an arc FEG. 
Divide arc FEG into 6 parts, join 0 to each part and produce to meet 
AB in K,K*etc. Join C to each K Ketc., and these will be the hour lines 
required. Subdivide each sixth division of the arc FEG and proceed as 
above for smaller divisions of the hour, 

76. To construct a P rinie V^rthial DinL — Let TNZ be the plane of 

the dial produced to cut the celestial sphere^ 
P the pole of an opposite name from the 
latitude, PZN the plane of the meridian, 
and (yPT the plane of an hour circle, and 
CP the direction of the stile. Then PN 
is the co-latitude, and TCT' the hour line 
corresponding to that meridian, which gives 
the hours of the same name T in the 
forenoon, and at T' in the afternoon. Let 
I the latitude, A =r the hour angle in 
degrees, c = the co-latitude PN. Then we 
have in the spherical triangle PNT. 

Cos I ^ t X cot A, or log. tan 4 
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log cos Z + log tan h — lO/ where t is the angular distance of the 
hour lines in succession from the hour line of noon (see para. 61), 

Example , — To construct a vertical dial for a place in latitude 31® 
80.' Angular distances of the hour lines from noon will be— 


For I P.M. or 11 A.M, 
12 ® 52 ' 

For 2 P.M. or 10 a.m. 
26° 12' 

For 3 P.M. or 9 a.m. 
40® 27' 


tan t = cos 31° 30' + tan 15°, 
= tan 12° 52» nearly, 
tan t a» cos 31° 30' + tan 30°, 
= tan 26° 12', 

tan t =r cos 31° 30' + tan 45°, 
=5 tan 40® 27', 


and so on. 


The angle formed by the gnomoiL with the vertical face of the 
dial will of course he 58" 30' (= co-famnde). 

In a horizontal and vertical dial, the elevation of the stile is 
respectively equal to the latitude and co-laiitude of the place ; for in 
figure 24 showing a horizontal dial, PON is the latitude ; and in 

figure 25 showing a vertical dial, PON is the co-latitude. 

The inclination of the plane of an oblique dial horizon 
or plane of a horizontal dial is called its wclmjji6rC\ and its inclination 
to the prime vertical is called its derli nation. 


77, Hence, if a horizontal dial, constructed for a given place, is 
carried to any other place on the .^ame meridian^ and placed in a plane 
parallel to the horizon of the former place, that is, parallel to its first posi- 
tion — it will be an inclia ma di d for the latter place ; and its inclination 
at this place will be equal to the difference of latitudes of the two places. 
Also the elevation of the stile of an inclining dial at any place is equal 
to the sum or difference of the latitude and inclination. Hence, to 
construot an inclining dial at a given place, find the latitude of the 
plane to whose horizon the plane of the inclined dial is parallel and 
construct it as a horizontal dial for this place, and it will be the 
required dial ; the latitude of this latter place will be the sum or 
deference of the latitude of the given place and the inclination. 

In this manner a dial constructed for one place may be used at 
aacM;h6r place. For instance, suppose a horizoiltul dial made for Delhi 
(lat 28° 360 is to he set up in Lahore (lat 31° 340 so as to show Lahore 
time. The difference in latitude is 2° 55.' The stand, to receive the 
dial| will not be horizontal, but will be inclined upwards towards the north 
%i IM of ay with horizon. It will then show Lahore timo* 
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At the equator, the stile and sub-stile of a horizontal dial coincide ; 
the stile then has to be placed above the plane of the dial, and parallel 
to the meridian. The hour lines are now all parallel with north and 
south line, and distant from it by the tangent of the corresponding 
hour circle’s inclination to the meridian, the height of the stile being 
the radius. 

Let S =5 the height of the stile above the dial of the &tile ; A, the 
hour angle in degrees ; and the perpendicular distance of the corres- 
ponding hour line from that of noon ; then — t = S tan h. 

The stile of a prime vertical dial would evidently be perpendicular 
to its plane, and the hour lines would make angles of IS"" with each 
other in succession. 



CHAPTER IV. 

ENGINEERING SURVEYS. 

78. The surveying operations described in the foregoing chapters 
may bo considered to have as their general object the completion of a map 
of the country surveyed, more or less accurate according to the time and 
labour bestowed and the means employed. 

Byig iri AAriTig Project* — When however, a survey is directed to 
the special object ot preparing an Ev^ineeririg Project^ the preparation 
of the map must be regarded as subsidiary to the main design, — and the 
nature of the process employed must be regulated primarily towards the 
collection of data, which will be necessary in drawing out the project in 
proper detail. 

The ordinary projects which are likely to occupy the attention of 
engineers in India are those for roads, railways and canals. Projects 
for drainage and water supply may also be occasionally required and 
even harbour works and light-houses ; but these last refer to a special 
branch of surveying, called Marine (Surveying, which will not be discussed 
in this Manual. 

In the projects mentioned above, the necessary surveying operation 
must depend a good deal on what maps already exist of the country 
affected. Many parts of India have now been so accurately surveyed 
and mapped, that it may be quite sufficient to trace off the acquired area 
of country, to an eiilarged scale, if necessary. If the enlarged map does 
not give the necessary details, such details may be readily interpolated 
by the th^olite, or prismatic compass, or even in the act of running the 
necessary lines of levels if stadia is used in conjuction with a planetablof 
But as very few parts of the country have yet been covered, even meagrely, 
with a net-work of levels, it will in almost every case, be necessary to run 
such as are required. 

If, however, no map exists, or none from which leading points may be 
transferred to an enlarged map with sufficient accuracy, it will be neces- 
sary to direct the preliminary surveys to the construction of such a map. 

Preliminary surveys* — The surveyor who is called upon to 
prepare a map of a given tract of country within a certain time, may often 
beat a loss to know the best method of starting the survey ; whether to fix 
ft series of points trigonometrically by a net-work of triangles^ or olse to 
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work by means of a number of oiosed traverses, and plot aooording to 
Gale's method. If the country is at all hilly, the first method is perhaps 
the best, aud in the end the most expeditious, as then the errors are not 
cumulative, but are adjusted between station and station. But if the 
country is level, running traverses without first fixing any points will be 
found the most expeditious, and in the plains of India sufficiently accurate 
for all practical purposes. If a trigonometrical surrey were resorted 
to, greater dependence could be placed upon the accuracy of the result, 
but that amount of accuracy is only obtained by much greater expense 
of time and labour, owing to the necessity of building high stations from 
which to observe. In traversing, the errors due to chaining are certainly 
cumulative throughout the entire circuit, but when the country is moder- 
ately level, these errors can with care be reduced to a minimum, and 
are easily allowed for in the calculations. The details of the survey in 
either case must bo filled in as already explained in Chapter VI, Part 1. 

Tlie least area of country which must be thus surveyed will be 
determined by considering what is the least area that will be afiteoted by 
t^ project under consideration. Thus in the ease of an irrigation canal 
running on the watershed of the country, the boundaries of the survey 
will clearly be defined by the two main water-courses on the right and 
left of the watershed line by the highest point on the river from which 
fhe nanal is to be fed and the lowest point into which it is proposed to 
dail it. In the case of a railway or road between any two places A and 
B, the boundaries will be determined by the greatest possible linos of 
divergence from the straight line AB, by the most circuitous route to 
the right aud left of that line which it is possible the road might, with any 
advantage, be made ; and so on for other oases. 

As to the general detaile which will he reguired^m the case of a rail- 
way or road the following may be enumerated : — The position and 
comparative size of all towns or villages affected thereby — (if the number 
of the population can be ascertained it may be written down in the map) 
— the exact course of any stream which will require bridging betwemi the 
two extreme points where the bridge would probably have to bo mhde — 
the <n)ltivated, culturable, or forest land that would be traversed by the 
Muer^^he peskion of b rick-field s, stone q uarries,, forests or other mateciaU 
anigibt be used in the constroctioo of the line— the position and s^ 
off atty swamps that might require to be crossed or perhaps drained. 

laveh . — The map thus far having been completed, the lines of levels 
Ihktwifl required must next he run, and plotted on the map, the reduced 
devSls beieg written in at every bench-mark and point of any importance, 
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or where there are none such, every 5th statibn or so, so as not to 
overcrowd the plan with figures. 

P rotra ctor ^ — ^ sheet of ^^writing imperial” paper, 15‘'x22*, 

having a circular protractor of fi inches radius lithographed in the centre 
of it, is found to be a very convenient size to protract preliminary lines of 
levels. The circular protractor is divided by large division into degrees, 
still larger marks show every 5th degree, and by smaller into degrees, 
but these marks are not numbered. The surveyor, knowing exactly from 
hi5 previous field-work how his lines of levels fun, draws his own north 
and south lines through that diameter of the protractor. which he considers 
will make his work take somewhat of a diagonal direction across the paper, 
and then numbers the scale right round for his own convenience. In this 
way one of these sheets will hold a week’s work of some 24 or 25 miles of 
line levelling, and all the necessary side detail, if drawn to a scale of 1 
mile to 1 inch. A specimen sheet with the protractor attached, and the 
protraction of some levels is here given, Plate (XI) but some of the 
detail has had to be omitted owing to the reduction of scale. 

A plan and section of a circuit of levels is here given {Plate XII) 
to show the.amount of information which should be given, and the student 
should make a careful inspection of it, for few surveyors’ plans and sections 
contain the whole of the information they should contain. 

80. Road* — In the case of a road in open level country, it will be 
enough to level down the line decided on, or along the trial line previous 
to the actual one being fixed — the streams to be crossed must also be 
levelled along and the necessary cross sections taken so as to enable the 
proper calculations to be made with regard to the waterway, and the 
reduced levels of flood lines must everywhere be carefully ascertained, 
to enable the proper height of embankment to be determined. Cross 
levels will also be required, at points where the line turns and where a 
curve will be necessary, — also at points where a temporary divergence 
from the straight may be advisable in order to save work — as for instance, 
in crossing through a morass or over a hill. 

Hill //oarfs,— To select the trace for a road in a hill region requires 
much more care and attention. Before anything is definitely decided upon, 
the several possible lines between the extreme points must be considered, 
and particular attention should be paid to the mean obligatory points on 
each line. A cardinal principle to be remembered, also, is that the ascent 
or descent should be as uniform as possible, the gradients in the opposite 
direction being reduced to a minimum.* Again, an obstacle— such as a 
steep cliff, chasm, etc., which at first sight may appear impassable except 

* ThiH can be motiiftod to a oertaiu exteut sM io modern practice for cart traction it has been thought a few 
pieces of level eases the strain aud gives e rest to tlie animals, 
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at inordinate cost, may in reality prove quite Jotherwise, for in order to avoid 
it the numerous minor difficulties encountered may in the end prove more 
expensive. For obvious reasons also deep cuttings into the hill-side should 
be avoided as much as possible, but when the slope of the hill-side is consi- 
derable, the trace of the road should bo so selected that the whole of the 
width of proposed road should be cut out of the solid hill-side. 

In commencing a survey for a hill road,* the rough obligatory points 
are usually assumed on the several ridges to be passed, and as the length of 
the trace in the intermediate valleys is most deceptive and generally much 
greater than estimated, the relative position of our assumed obligatory 
point from the next should always be calculated by using a gradient steeper 
than that required to be worked to. For instance, supposing a road is to 
be laid out on a gradient of 1 in 20, a position on one ridge is known, and 
it is required to estimate where the trace may cut the next ridge. The 
intermediate distance is so difficult to approximate to, and so generally 
under-estimated, that the point on the next ridge is easier found by apply- 
ing a steeper gradient — say 1 in 17 or 1 in 18 — to the estimated length of 
intermediate road than by adding approximately to the estimate. Again, 
it must be remembered that when the trace of the road is settled, the 
resulting gradient on the completed road will work out steeper tlian that 
used in laying out the trace* The original trace must, therefore, be 
somewhat easier than that finally required ; and though it is difficult to 
say what allowance should be made, as it varies with nature of the ground, 
it may be assumed in a general way that a 

slope of 1 in 32 works down to a slope of 1 in 30 

„ 1 „ 22 „ „ 1 „ 20 

}) I 1^® j? I » 

Zig-zags in mountain roads should be avoided as much as possible, as they 

frequently involve incessant repairs; if used they should not be run through 
rotten ground, or across drainage, but they are less objectionable if they 
can be arranged so that the drainage of each length can be thrown off at 
the turning points clear of the road below. The Ghat tracer, Abney 
level and De Lisle reflecting level are all used in tracing out hill 
roads and are sufficiently accurate for cart and coolie traffic routes. 

81. Railway* — A survey for a railway is very similar to that for a 
road, but it is more elaborate, in that greater attention must bo given to 
the gradients, and the several lengths of straight must be connected 
together by regular curves. 

A revised and complete set of ‘‘Rules to be observed for the preparation 

of Railway Project” to be subn^tted* for the sanction of the Government 

— 

^ TUe author asaumea hero those so called hiU roado before they^were oonverted lu some plaoes, to pass motof 
traihoQf all dewrlptioo»ii 




OfiAmR IV. 


m 

of I^ndia was issitod ia 1893, corrected up to 1918 and contaitts vefy 
d^taili^d instructions. 

One or more trial lines are generally run before the actual direction of 
a liiie of railway is decided upon, and the amount of accuracy bestowed 
upon the surveys of such trial lines is only sufficient to obtain a fair 
approximatiou to accuracy, and to give a reliable comparison between the 
rival lines. In the preliminary surveys therefore it is not usual to run in 
regular curves except in difficult country, nor to take more levels than 
are sufficient to admit of an approximate estimate of the earth work being 
made. Therefore to make a survey for a trial line of railway, all that 
is necessary is to run a traverse with a theodolite from one obligatory 
point to the next and then run a line of levels over the same line. 

Owing to facilities for vision, the engineer in running the trial line is 
apt to put the turning points on the several ridges crossed, but this should 
he studiously avoided if possible, as if the line is selected for the permanent 
line, it will have to be re-rUn, or else the cuttings through the hills will 
all be on the curve. 

It is usual for the surveyor who runs the traverse to put in pegs or 
marks every 300 or 600 feet along the line of traverse in open country 
and every 100 feet in broken or hilly ground, in order that the leveller 
who follows may not require to do any chaining. These pegs are usually 
Numbered consecutively, the surveyor continuing the length of the chainage 
throughout from the beginning, rather than commencing a fresh chainage 
at each new departure from the previous straight line. It is obvious in 
this trial survey that the levels are taken along the tangents rather than 
along the curves, and also that the line of railway is represented as 
slightly longer than it would be if really located, but the results are quite 
accurate enough for the purposes of the trial survey. Also in a trial 
survey the amount of detail to be shown may be reduced to a minimum^ 
Of course more detail of the line is required in difficult country and 
tbruugh towns and villages, but no great accuracy is aimed at as the 
results desired are in the first instance only comparative. In a trial 
survey, therefore, all the detail required is to show where obstacles occur 
near the traversed line, and also the course of rivers and streams for a 
fbw hundred yards on each side of the line. 

When, however, the course of the railway is decided upon, the work 
required from the surveyor who has to locate the line is much more 
delicate. Sufficient detail of the country on either side of the selected line 
has to be shown, in order that possible minor deviations may be made if it 
it foaod that the estimates work out unsatisfoctorily and demand a fnrtber 
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investiga^tioii. In locating a line it is therefore usual to lay out th^ 
several lengths of straight accurately, and to determine the most tottvetAkhi 
curves by which to connect them ; the line is then traversed oter hi the 
ordinary way, and the curves put in as the work proceeds. The chainage 
is usually continued throughout from the commencement, and pegs put in 
the centre line at every 100 feet, for the convenience of the leveller vtho 
has to follow the man with the theodolite. The detail of the neighbouring 
country may be also put in by the man who runs the traverse, but it is 
better to leave all that to an assistant who follows with a plane-table, bn 
which .the course of the line with the positions of the 100 feet pegs is 
accurately marked. 

The smallest party required to locate a Hue of railway with convenient 
despatch is one Executive Engineer and two assistants. The responsible 
officer ranges out the line, conducts the traverse, and puts in the curved l 
one assistant follows with the level, makes an accurate section of the liie 
and also takes all necessary cross sections ; and the other assistant, with 
the aid of a plane-table and other instruments*, when required, makes a 
survey of the required belt of country, surveys a sufficient length of the 
course of all streams crossed, and does the needful check levels. With a 
large staff the above work can be sub-divided and greater progress made, 
and assistance is also at hand to run alternative lines through difficult |)artS, 
and to make more detailed investigations as river crossings, etc. If it can 
be arranged, it is advisable that one party be told oft to locate a line of 
railway up to, say in India, 150 or 2O0 miles in length ; and the Work 
should be so regulated that the several officers engaged, work comparative- 
ly close to each other. Check levels should be constantly run, and no 
great advancement should be made by the traverser ahead of the levelling 
operations until the levels are accurately checked. If a man has of 
necessity to check bis own levels, he should do it in the opposite direbtlon, 
and only touch on the original line at bench-marks and other obligatory 
points, but it should be so arranged that the cheek levels are run inde* 
pendently of the leveller. 

As the location of a line of railway usually follows quickly on the trial 
surveys, it is only necessary to make such preliminary marks as will 
enable any of the trial lines to be easily found. This can be done by 
biassing trees, making marks on buildings, etc., by which the Hue passes 
close, and by making a semi-permanent mark where the several tangents 

* The cross section work and also the detail is easily put lu by an assistant working the 
level thking stadia readings and shooting in staff positions from his piaue-table placed ai Qlose 
ai possible to his level. 
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meet ; and if careful sketches and notes of these marks are also entered 
in the field-books, no difiiculty should be experienced in picking up a line 
again. With a located line the marks must be much more permanent, 
and it is usual to show by a permanent murk in the actual line each 
successive mile-post and the ends of every curve. Ft is also of great 
assistance if the intersection point of the tangents is also permanently 
marked. The centre line is also shown by a continuous cut along the 
surface of the ground about 6 or 9 inches in depth, a mark generally 
sufficiently accurate in the plains of India to lay off the dimensions of the 
ground required for the railway. 

82. OSiHal. — The kind of survey required for a canal will depend 
very much on the nature of the country and the magnitude of the woVk 
required to be constructed. In an undulating or hilly country the 
approximate direction of the irrigation channel is apparent at once, and 
the positions of the minor distributing channels in all cases vary with 
local requirements ; but a project for a large irrigation canal in the plains 
of India requires a very extended survey. 

For such a project, besides the details required for an accurate repre- 
sentation of the country to be traversed, it is necessary to cover the map 
with, a network of levels ; and this is generally done by running a series 
of roughly parallel lines of levels at distances of about a mile apart, and 
as nearly as can be estimated at right angles to the general watershed 

of the country traversed. If these lines of levels are connected at their 

extremities by other lines of levels the work will be continuous, and 
each part serve as a check to the reminder. The best line for the 
canal will probably at once be evident from the contours deduced from 
this network of levels, and a fairly approximate estimate may be made 
without further fieldwork. But if any sand hills, ridges, or large 
shallow depressions occur, and which have not been sufficiently marked 
by the general lines of levels run, it will be necessary to run such 
further lines of levels, as will carefully represent the ground gt these 
parts, if needed. 

The line of the canal selected will generally run along the highest 

ridge or backbone of the country, and its alignment should be made as 

straight as possible. With any appreciable current the outer side of a 
carved channel will require to be revetted, and so add considerably to 
the initial expense, unless the curve can be made extremely easy. 

83. Oanal Surveys. — The following instructions, based generally 
on those issued by Colonel Orofton, R.E., when Chief Engineer of Ii'rigation 
in the Punjab, for the conduct of canal surveys, will give what further 
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information is required. They are applicable to all kinds of engineering 
surveys. 

Trial levelling and surveying , — In addition to the levels of the 
country surface, a rough survey or reconnaissance is required, which should 
give information on the following points, viz ; — Approximate sites of 
villages or towns, lines of. drainage, roads, railways, old water-courses 
canals, channels (main or rajbahas), edges of high or ‘^hangar” land 
remarkable buildings, wells, nature of soils, crops, trees, etc., position of 
stone or kankar quarries, etc. The places between which roads run and 
their bearings (if regularly lined out), shoTild be noted ; iP on embankment 
the level of the top surface should be taken. The bearings of regularly 
lined-out canal channels or irrigation cuts, and the level of their bedi 
at points of crossing with cross sections at right angles to the direction 
of each, showing level of full supply are required. 

84 . Water level , — The level of the lowest point in the beds of streams 
where crossed ; with sections at right angles to their courses showing 
level of highest known flood, and date of its occurrence, if ascertainable ; 
the level of surface of water in rivers (noting date of observation) ; depth 
of water on lowest point of bed (if obtainable), and level of ordinary and 
highest known flood ; levels of floors of tanks and lowest points of large 
swamps should be observed and connected with the line of levels. The 
site of such sections taken off the line should invariably be connected with 
the traverse. 

The waterway of all bridges or c^btarts met with on or near the line 
of levels should be measured ; and the levels of their floors or plinths of 
abutments, or the bed under the arches if there be no flooring, with 
highest flood mark, carefully noted. 

Wherever a well is met with or used as a bench-mark, the level of 
the surface of the water should be noted ; the depth below the bench* 
mark can be measured with sufficient accuracy by the chain. If water 
is being drawn from the well, the surface will in general be abnormally 
low, in which case the heighjj; at which it usually stands when not in use 
should if possible be ascerUilied. The quality of the water, whether 
sweet or brackish, should also be noted. These observations of the 
surface level of the springs should never be omitted, when opportunity 
offers ; it is a point of considerable importance. 

The colour and description of the soils, whether sandy, clayey, etc., 
the presence of the white or brown efflorescence, known as reh ’’ or 
kuller ” should be noted. 
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00. BrftinafA llnes.‘*~A complete delineatloQ of the dreitui^ 
lines of the country being one of the primary objects of the survey,- too 
oare oaanot be taken in ascertaining their positions. They may be 
diViddd (^xolnding the large rivers) into two classes ; the drst easily 
Mco^isahle by their size ; well detlaed channels rnnning in valleys at 
some depth below the general level of the country adjoining. Into these 
and the rivers, innumerable channels of the second class discharge 
timniMives ; the exact positions of which are not always to be detected 
Iqr the level alone. They usually rise in jhils (swamps) lying close to 
tlie watershed, and their courses are marked by a series of jhils connected 
by intermediate low lands ; a black, clayey soil, “ reh,” rank grass, and 
orops requiring fi’eqnent irrigation, such as sugarcane, cotton, etc., 
generally mark the places where water has lain or over which it flows 
in considerable quantity. No land of this description should be passed 
over without enquiry as to whether it is flooded during rain, and from 
what direction the water comes, and whither it runs off. “Reh” if 
contained in the soil, always rises to the surface where water has lain for 
any time and appears in greatest quantity daring the cold season. 

Large towns or villages will almost inv.ariably be found situated close 
to lines «f drainage, or to low ground where water collects after rain. In 
tboite parts of the country which are subject to extensive inundations, 
vilhgef, es|(eeially small ones, will always be found to be situated on land 
out of the reach of the ordinary inundations ; no reliance, however, can be 
placed on their position as regards extraordinary floods. 

Sand bills, or very sandy soil, generally mark a watershed on the 
“ baogar ” or high land . 

Where a nala or drainage lines is crossed, and the level of the lowest 
poiht of the bed is observed, great care should be taken to ascertain 
whether this point is on the general ieverl of the bed ; if otherwise, the 
dtfibrence abo^e or below should be measared and noted. 

Where drainages are met With, enquiries should be inude as to 
courses both above and below the lihe df levels, names of wiltages near 
which they pass, etc. ; by thus observhig them in each soooeasive line of 
cross section, a very complete plan of the drainage of ^ coontky is 
obtainable, as well as connected seriiss of levbls along the beds of 
ontfall. 

SimHar Ihformation to that detailod above should ^ obtained urkh all 
IwreUiBg or shrveyibgfar di s t ' r ih Wt w te s , dra^ia4;e'‘pitojed»^ mr aa^ -other 
irwk connected with irrigation. 
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In levelling for the longitudinal section of a river, the line should 
follow generally the main water ohannel, the stations being invariably on 
tlte bank or dry ground near the edge of the stream. The level of the 
surface of the water at intervals (noting date; of ordinary floods and 
highest known floods ; the position of top and foot of rapids (if any), and 
level of surface of water at each point to be noted. The depth of water to 
be measured in the deepest part of the channel where the surface level has 
beep observed. Cross-sections at right angles to the direction of the river 
should be taken at intervals and connected with the series of levels show- 
ing the bed, surface of water, level of ordinary and highest known flood. 
The survey should show all minor channels and affluents (if any), and as 
nearly as possible the extent of land under water in high floods. The nature 
of the bed, whether boulders, sand, day, etc., should be carefully noted. 

86. Bench nxftrks should be established at intervals of about fi 
miles in general, and one close to the crossing of eyery large stream or 
line of drainage, but at a place not likely to be washed away ; also at the 
ends of each cross section or line of “levels. Existing buildings to be 
preferred for the purpose. 

All canal, road, railway, Great Trigonometrical Survey, or other 
bench-marks met with en route, should be connected with the line of levels. 

87. Admissible error in leveUing —The error or difference 
in any circuit of levels ought not to exceed one foot per hundred miles 
linear,* Small errors arising from incorrect reading of the staff, not 
holding it vertical, high wind and such like, are inseparable from all 
levelling operations, but these will not bo found to accumulate if the work 
be carefully done. A tendency, however, has long been observed, though 
as yet unaccounted for, to a small cumulative error in the direction of the 
levels ; but this is not found to affect practical operations materially. 
(Vhere great accuracy is required such as in the proof levels of a canal 
channel, it is advisable to level twice over the same stations with* the same 
instrument, the second series of levels being carried in the reverse direction 
to the first ; the mean reduced level of each station will be as nearly 
accurate as it is possible to obtain it. 

A prismatic compass attached to the level will be found very useful in 
filling in details off the line of the series of levels. If the variation of the 
needle is not identical with that of the map employed, the bearings should be 
reduced to the meridian of the latter, f Most of the side measurement, 

* jBrror in {({St aa,Cowrfant V' dUtaayf in wiles where C at 0*1 pm. 102 Part 1)' 

t .Modern Wvyl* have slotted screw holes to enable the compape being cleared of Magnetic 
deviation. 
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Vfhere great accuracy is not required, may be mad6 by pacing. Two 
and-a-half or three feet paces will be found most conrenient as admitting 
of easy reduction to feet. Stadia measurements are now more generally 
employed and are of 

88. Scale* — The scale generally for protraction of levels should 
be X mile to 1 inch. For the section, the horizontal scale same as for the 
protraction ; the vertical, about 100 times the horizontal. A larger or 
imaller scale may be necessary for special purposes ; they should, how- 
ever, be always measures or aliquot parts of the one-mile-to-the-inch scale 
ind for working plans 400', 200', 100' or .50' to the inch. 

On every protraction of levels, besides the heading, the following must 
lever be omitted : — Date of the survey, name of the surveyor, scale and 
meridian line ; the numbers attached to the several stations on the section 
be identical with those on the protraction. 

All details noted in the field-book should be transferred to the protrac- ' 
tion or sections ; a sketch and a short description of each bench-mark to 
be entered on the back or margin of the sheet in which its position is 
shown. The information is thus more accessible than if old field-books 
have to be searched for it. 

If a map is to be compiled from levels or surveys taken with more 
than one instrument, it will be found best to protract the work done with 
each instrument, on separate sheets, to be subsequently transferred on to 
the map or have the compasses corrected as suggested in footnote. 

89. Running the traverse*— After the position of the line, which 
may generally be assumed as the watershed, has been approximately deter- 
mined by means of the cross sections, or otherwise an accurate traverse 
with the theodolite should be taken over it, including a surjjrey of the 
ground for about half a mile in general, or further, if deemed necessary, on ^ 
each side, which should give information on the following points, viz : — 
Features of the country, if irregular ; streams, lines of drainage and 
swamps wherever met with ; sand hills or ridges, towns and villages ; 
wells ; buildings, whether of masonry or mud ; roads, whether regularly 
lined out or merely cart tracks — if the former, the bearings should be 
taken ; places between which they run (whether trac<(& or made roads), 
and whether they ar,e lines of traffic or merely village communications, 
should be carefully ascertained (this is useful afterwards in- determining 
the sites of bridges); village boundaries, etc.; such minntise as the 
bcru^daries -Cf fields are unnecessary ^ those of gardens may be useful ; 
fn factj everything which is likely to be of assistance in determining the 
precise line, or that which it would be advisable to avoid if possible. A 
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survey of this nature, carefully taken, will generally admit of choosing 
a line which will not injure property or disturb existing rights in the 
least possible degree. 

The accuracy of the traverse is the point to be chiefly looked to ; the 
distance between the stations on it should be as long as possible, less than 
a mile, as the probabilities of accuracy in observation are greater in the 
case of long than short sights, and the plotting is easier as well as more 
likely to be accurate. The sights to the station poles should be taken as 
in ordinary traverse surveying by the inward angle method which 
is an angular check in itself. To check the distances between stations 
fix on a well-defined point some distance to one side, say, a mile, and 
observe to it from every station from which it is visible. If the distances 
have been measured and plotted correctly, according to angles observed 
the lines will all meet in one point on the map. 

The above paragraphs regarding traversing should not be adhered to 
by the surveyor who can fix a true meridian and whose work may be 
required many years hence. No reliance can be placed on magnetic 
variations which differ year by year and which are different also in every 
instrument. The best way to locate a line for present or future use is 
by a true meridian with inward angles and checks by observations for 
meridian at every 5 miles or so with the correction for convergency 
applied {see paras. 131 and 132 Fart 1),. 

yO. Stations* — The stations may be marked on the ground by 
large pegs, about 3 feet long, driven well in. It their future identification 
is an object, and there is a chance of the pegs being destroyed or removed, 
a ghurrah or earthen vessel filled with charcoal, buried at some depth 
below the surface of the ground, will give the means of finding their sites 
again with sufficient accuracy for all practical purposes. The surest way, 
however, is to note their distance and bearings from any easily recognized 
and permanent objects, which are not likely to be disturbed, if such should 
be found sufficiently near for the purpose. It will be found most con- 
venient to fix all stations on mounds or rising ground. 

It will be found convenient also to have two descriptions of poles 
for setting up at stations to which observations are to be taken 
one for use in windy weather, mounted with a flag ; the other when the air is 
calm, with a small ‘‘moon’' (made by covering a wooden hoop with 
calico), about H feet diameter; as a flag when not flying free is scarcely 
more distinguishable at a distance than the bare pole. On the Revenue 
Survey, poles painted in foot lengths, white and black alternately, are 
employed, which makes them visible at a far greater distance than the 
common uncoloured bamboos. 
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Hie angles on this side surveys may be taken with a good compass, 
pHsibatic^ or of any other description available; the actual bearings, as 
shewn by the instrument employed, being entered in the field-book, no 
coi’r^tion being made in the field for the variation of compass (if any). 
Villages should be traversed round, so as to determine their outer limits, 
but ho interior survey is required. These should be connected with points 
on the main line of traverse; the correctness of the junction line may be 
tested by observing from several points on it to some objects in or near 
the village (such as a large tree, house, etc.,) which has been well connected 
with the boundary survey of the village. 

As the choice of a good line and the actual lining out on the ground 
very much depends on the accuracy of the map, this should be placed 
beyond a doubt, if possible, before the line is chosen and marked on it. 
The time occupied in taking check observations and measurements in the 
field will be well repaid by the facilities afforded to the subsequent work 
by a really accurate plan of the country. 

The podilibn of the actual watershed near the line of traverse should be 
carbftllly ascertained and noted on the map. 

To the above may be added a list of the maps and drawings generally 
re<j[uired in an engineering project. 

91. Ro&d. — (1). General map of country . — The plan sufficiently 
broad to show the greatest amount of likely deviation. The scale of the 
plah will Of course vary with the length of the road, but, as a rule, should 
not be leiis thad 1 mile to I inch. (Standard map Survey of India). 

lliiB road should be laid down on this plan, which should show the 
liries and cross lines actually levelled, and as many reduced levels as 
cobvebient without crowding the plan. The positions of the bench-marks 
must be shown and numbered, and a sketch of the bench-marks showing, 
where -the staff-rested should be added in the margin. 

(2) A longitudinal section along proposed road. — This should show 
the natural surface of the ground, and that of the proposed road, and also 
in columns just below these surface lines, the depth of cutting or height 
of embtinkment. If the ground is level, the horizontal scale may be similar 
to that of the general plan and the reduced levels entered at every 1,000 
feet. The vertical scale should be at least ] 0 times the horizontal scale 
{$€$ para 88). 

If the ground is at all undulating, the horizontal scale should be 
adopted so as to show reduced levels at every 100 or 200 feet. The 
sections should also show the villages it passes through, the kind of oulti- 
VtttioDi and the bearings of the different parts of the road written over 
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their respective portions, so that, in case the plan is mislaiil, the section 
may in a manner supply its place. The height of water in wells, and 
highest flood lines of ail water-courses, should he carefully entered. The 
stations should be numbered so as to correspond with tho^e on the plan, 
and the horizontal distances should be marked.* 

(3) Tlie principal cross sections — The same remarks apply. 

(4) Half section of road when in embank ment^ showing the positions 
and widths of the inatalled and unmetalled parts, the side slopes, drains, 
fencing (if necessary), etc. 

Half section of road when in caUitKj^ and complete -iection when 
partly in cutting and partly in embankment; both of these showing similar 
details, 

(5) Bridije site plan , — If a river has to he bridged, a plan to a large 
scale of the course of the river for a considerable distance on both sides 
of the bridge site must be made so as to show why that site has been 
chosen in preference to any other. 

(6) That part of the longitudinil section showing the passage of a 
river and the low land on either side, must be again drawn to a much 
larger scale, so as to show all the reduced levels. Any steep ascent or 
descent should also be shown on a large scale. 

(7) Plans and sections of all bridges ^n^Xcuherts necessary; and these 
again must be accompanied by drawings of detail to a much larger scale. 

(8) Plan, section and elevation of an inspection bungalow and store^* 
house for tools, etc. 

92. Canal.— The plans for a canal project will be similar to those 
for road with a few additions. 

The survey should be of scale not less than 400 feet to an inch. 

In the longitudinal section, the line showing the surface of the water 
will bo shown, as well as the line of the bed of the canal. 

Besides the above-mentioned drawings, there will be required plans 
and sections of the lock channels, the lock gates, main and minor distri- 
bdting ohannols, dams, falls, inlets for surface drainage, escapes for the 
passage of flood waters, aqueducts, bridges, etc. 

It would be impossible to give the full details of the operations requir- 
ed for the pr'eparation of projects for canals and railways in a general 
Katlual on Surveying, without unduly increasing the scope and expense 
of the work. Directions for the guidance of surveyors engaged on such 
highly technical work, will be found in the publications specially devoted 
to these subjects* 
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93. Railway^* — The drawings for a railway project are similar to 
those for a road. Besides, however, there will be required detail draw- 
ings, to a large scale, of the permanent way and of the rolling stock. 
Plans and sections, etc. of the stations, sheds, engine l^se and water 
tanks will also have to be provided. 

Scales. — The following scales will be found very convenient for all 
maps and plans, and are generally used in the Public Works Department : — 

For general maps — 

Two or four miles to the inch. 

For maps accompanied by sections — 

According to the amount of detail required. 

Map one inch to a mile — Index plan and section. 

100 feet to the inch vertical. 

Detail plans and sections — 

400 feet to the inch horizontal. 

40 „ „ „ vertical. 

For all plans of buildings, the scale will be either 

94. Useful Hints* — The following hints may be found useful : — 

1. When series of levels are taken over a tract of country, the plan 
and section of such levels should correspond exactly. If the scale is 
not too small, the measured distances between stations should be shown in 
both ; the numbers of the stations, as shown in the field-book being given 
at every 5th station on the plan and section, with the reduced levels 
written on the plan in red ink. The situations of bench-marks should be 
shown .accurately on the plan, and the reduced levels written clearly 
showing to what exact spot the numbers refer. Wherever the scale 
admits of it, the information given on the plan should be so full and 
complete, that the sections can at any time be drawn out from it alone ; 
and, if the azimuths of the different lines be written on the section, the 
plan may conversely be laid down from the sections alone. These can be 
had from the Traverse form. 

2. Where a line of levels crosses a water-course, the reduced level 
of the bed of such water-course should be shown— that of the water- 
surface (the date of observation bei^^ given) — of highest and ordinary 
flood mark, if discernible— and that of ijj^e top of the bank ; and all these 
reduced levels should be shown on the plan. 

3. In levelling, the staff, unless when placed on a bench-mark, or a 
pucka road, must always be held on a wooden peg, about 3 or 4 inches 
long, driven in flush with the surface of the ground ; without this no 
confidence can be placed on the accuracy of the work. Local depressions 
and elevations should be avoided for peg positions. 

rules tor the li^repartUi'^n uf Railway Projects issued by order of the Govermuent of ladiSi 
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4. The level, if not absolutely impossible, should invariably be 
get up equidistant from either staflf; errors of adjustment being thus 
completely obviated. If otherwise, it is to be borne in mind that when 
the line of colHmation and the large bubble are in adjustment with each 
other, although not so with reference to the axis of the instrument, a 
correct result is obtainable by bringing the bubble horizontal at each 
sight or to contact position as in the India Pattern Level. 

5. The ordinary distances from the level to either stafF to be in even 
hundreds or half hundreds of feet, not aliquot parts of miles. 

6. All observations for level without exception must be connected 
with some point of which the reduced level (from the common datum) 
has been previously, or will be, ascertained.. Sections of rivers, nalas, 
etc., to be thus connected. 

7. In line levelling, it will be found the simplest mode and least 
liable to errors to record collateral observations separately from the line 
series in the field-book. Such observations should be taken and recorded 
with reference to stations on the line. 

8. Measuring chains ( 100 feet) should be kept of the exact length 
even for ordinary surveying or levelling. Their length when new 
should be verified daily at commencement and close of work against a 
steel tape or a standard chain kept solely for this purpose every new 
chain stretching considerably at first With a chain of good material 
some time in use this elongation is scarcely perceptible. 

10. Bench-marks* — Invariably on masonry buildings, or other 
permanent structure.s. In the choice of their positions, security from 
injury and facility of identification are the points to be chiefly looked to. 
The sills of niches in, or plinths of masonry buildings are very suitable. 
In a well, the small niche (or namali) usually left for a slab engraved 
with the owner’s or builder’s name, if the sill be flat and even, is a very 
safe place. Where it is necessary to build a pillar for the purpose, some 
retired nook or waste land should be chosen as the site ; the pillar, ol 
masonry in lime cement, may be of this form — 

Fi(j. 27. 
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4 wooden peg aboufc 3 feet in length being inserted in the centre of 
the masonry the top flush with its upper surface, on which the levelling 
^taff is to be held. To secure the pillar from injury, a mud wall may be 
built round it, or a mud pillar over it, or both. To protect the wooden 
peg from injury by dry rot or white-ants, it should be soaked for four 
days in a solution of 1 lb. of sulph.ate of copper (nila tntijja) to 4 gallons 
of water, and should he coated with tar. 

11. As bench-marks are intended for future reference, they are per- 
fectly useless unless such a description of them be given as will serve to 
identify them indubitably. In addition to a sketch, •t.he position with 
reference to well defined and easily seen objects in the neighbourhood, 
and to the north point, the name of the village in whose lands it is 
situated ; if a tomb, the name of the person buried there ; if a well, 
names of owners and local appellation (if any), if a boundary mark 
(none but those at the intersections of more than two village boundaries 
should be taken), the names of the villages whose lands meet there ; 
should all be noted in the field-book. The cornice of a building is a 
very safe place to have a Bench Mark and it can be given a value by 
holding the staff upside down. This method of holding a staff upside 
down on both sides of a wall is the best way to continue levelling across 
such an obstacle. The Surveyor of course choosing a good horizontal 
course or slab on the top where his line crosses. In the first case the 
fore staff is additive and in the second subtractive to obtain the H. I. of 
instrument in the further position. 

12. All observations and information connected with eitfler survey 
or levels should be entered in the field-book at the time of noting in ink 
in the field. Nothing jjiould be trusted to memory. 

13. The date of the survey, as well as the number and maker’s 
name of the instrument in use, should never be omitted. 

14. The north and south line should be drawn through the centre of 
a plan and be as long as possible. The magnetic meridian should not 
only be marked on the plan, but the amount of variation (and date of 
observation) also should appear on the face of the plan. 

15. Field-book should be checked and reduced levels inked in at 
the conclusion of each day’s work — the survey should invariably be 
plotted from the original field-book. If a fair copy is made it should 
be as a duplicate only in case of accident to the original, but any sur- 
veyor making a fair copy to be plotted from it on the pretence that 
the original is too dirty to be sent in, should meet with no mercy, 

16. Field-books should be properly indexed and work should have 
as many cross references as are necessary, and be recorded in ink. 



BNGINEBKING SUBVBYS. 129 

17. All erasures and corrections in field books must be made in ink 
and verified by initialling and date. 

95. Demarcation- — Although hardly partaking of the nature 
of a regular survey operation, the system described below, of recording 
in a graphic manner the relative contour of the surface of the ground 
and other details, is well worthy of the attention of surveyors engaged in 
irrigation or drainage works in cultivated tracts of the plains of India. 

The system is only applicable to cultivated tracts, as it is a graphic 
systematic record of the knowledge of the cultivators of the ground, 
modified and possibly corrected now and then by the experience of the 
surveyor or observer. The object with which demarcation observations 
are started in any tract is to prepare on a large scale, a map or chart 
showing the following : — 

(i) 'The exact lines along which drainage flows off the fields, and 

eventually finds its way to the rivers on either side. 

(ii) The exact positions of the watersheds dividing these drainages. 

(iii) The areas and distribution of the main qualities of soils. 

(iv) The areas and positions of the “ coHHtwttid” of wells or other 

sources of irrigation which it is desired to preserve or pre- 
vent interference with. 

(v) The actual position of level pegs, or other survey marks, and 

of the land occupied by works about to bo constructed. 

It will be evident to all concerned in such operations that if the 
above-mentioned minute information can bo cheaply and accurately acquired 
the calculations of discharge off catchment areas, discharge required 
to irrigate certain lands, or to pass down distributaries and canals, will 
be rendered simple and precise, and that it will be possible to carry out 
the alignments of channels with more accuracy and certainty than is 
likely to be the case with the most detailed contour survey founded on 
lines of spirit levelling. 

The procedure is simple enough. Two copies are made of the village 
map of each village contained within the area to be demarcated ; both 
copies are on cloth, one on a separate isheet and the other on a largo 
sheet, joined up at the boundaries with copies of the maps of all villages 
within the tract. It may be mentioned that when large tracts of country 
are dealt with in order to keep the large sheets of convenient size, it will 
be necessary to trace the maps according to minor doabs. 

These maps are generally printed on a scale of 16 inches to the mile 
or thereabouts, and show the field boundaries and numbers, village sites, 
roads and tanks, and other important features. After being copied on 
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cloth these features should be suit«n,bly colored up on both copies, and 
then from the written village record the various qualities of soil can also 
be colored up, as the numbers of the fields given in the village map and 
records are the same there is no difficulty in doing this, indeed all through, 
the map should be looked on as a grajihic index to the records. After 
soils, the irrigation of wells and other sources can be shown on the maj) from 
the village season or other records, the results of one or a series of years 
being taken according to the degree of accuracy aimed at. Regarding 
the record of possible irrigation from, or command of wells and other 
sources of supply, it may be noted that very few sources exce{>t good 
wells and canals can be considered permanent, and that the record on the 
map of a canal project of any existing irrigation but that from good wells, 
is hardly necessary. To obtain the proper command of a well the results 
of three years’ working at least should be plotted, and a thick boundary 
line should be drawn round this area, including any dry fields surrounded 
by irrigated fields. 

It will save time to plot all the above information on the se[>arate 
maps, as a large number of men can then be ein[)loyed extracting and 
plotting fiigures, it only takes a short time to trace the areas once plotted 
on to the large sheet. 

The small sheets are now ready for out-door work. The surveyor, 
therefore, provided with the village map, should visit a village, and having 
enlisted as his guides a few respectable cultivators, should enquire the 
direction of flow of rain water of the fields ho is standing on ; noting the 
reply, be should walk on until he finds a point from which the water 
divides or flows in opposite directions— this is clearly a point on a 
watershed, and should be marked on the map with a j^encil thus, X. In 
the same manner the points on drainages can be determined and marked 
with arrows, the points where the rain water from two or more 

fields meet, and flow off together. When a few points on watersheds or 
Irainages are once fixed it is easy enough to walk along and mark the 
lines, being careful to follow the information given by the cultivators in 
preference to judging by the eye. By the time most of the village area 
has been traversed the map will be ready to have the junctions of water- 
sheds and drainages filled in, and this should be done with great care 
and after due local enquiry, 
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9^. To lay oat the dh’eotion of road on d hitl'^lde df 
gmy gLyen glopo' 

Fig, 28# 



Seale — 8 inehet to I rtiile. 

Let the figure represent the contoured plan of a hill-side along which 
it is required to lay out the direction of a road, rising from the point A to 
the levql 150 at a uniform gradient of 1 in 8. As the kiterta) hetweftn the 
contours is 25 feet, the plan of the road between any two Contours will be 
the base of a right-angled triangle abe, in which a5 = 25 X 8 s 200 feet, 
i^jaying of this distance on the same scale as the ine]> (fi inches to 1 mile) 
between the snccessive contours at BCD, etc,, the required direction is 
determined. Shonld a zigzag not be objeotionable,r the road may be ma^e 
to follow the course BGHEL. 

It sometimes' happens that the course of the road betweeh two contours 
close together is not quite clear. In this case an intermediate eontovr 
must be interpolated, as 137^ in the figure, and the EE' = 100 feet laid 
off between 125 and 1374, and a further length E'L of 100 feet betweon 
1374 and 150. 

As an exercise the student is recommended to the follo'wing example : — 

Draw four concentric circles, 4-incb apart : diameter of tiie smallest 
circle '75 inch. Assuming these circles to be the contours (50 feet 
interyal) of a conical hill, draw the track of a road ascending from the 
lowest contour to the summit, at a slope of 1 in 20. Scale — 6 inches 
to 1 roUe. 

9f . Ho find the boundary of excavation or filling on a 
contoured plan- — In a problem of this nature, see 6^. 29^ it is neces- 
sary to assume that A and B are more or less ruling points or that A ai^d 
6 by trial have been found to give a better gradient, and avoid expensive 
bridging, protection of permanent way, etc. ^ 

Te the horrtrfary of excavation it is necessary therefore first to lay 
bu'the shrvey the road aligdn^ent with the adopted width of road-bed 
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and to show thereon the probable gradient. Next at right angles to the 
alignment the plan of the contours representing the slope of embanking of 
iButting— in this case 1| to 1, The points on the map where these contours 
int^s^ct the contours of the surveyed mnp^ furnish the cutting edge of 
excavation aitd the filling edge required. Quantities can be worked out 
fr^Jm the above with sufficient accuracy for a preliminary estimate. 

98. Setting out gradient* — To set out a gradient it is easier to 
usO, a' theodolite and havingrset it up fix on a rod the height of the axis of 
the i;elescppej then intersect this height above ground using the following 
rule. For- gradients not steeper tha n 1 in 10 th e angle representing that 

gradient will be found by^ the formula — minutes where n is the grade. 

8438 

Thus for a gradient of"! in 60 the vertical angle would be =s 57*3 
minutes. 


99. Underground or mine surveying for the, following ob- 
vious reasons demands from the surveyor the most accurate work. The 
correct location above ground of the claim underground so that minerals, 
sometimes very valuable, may not be extracted in property belonging to 
another claim ; the correct location underground so that ventilating 
shafts, dra inage problems, transportation, etc., can be efficiently dealt with ; 
the avoidance of old workings which when pierced might lead to serious 
accidents. Then again underground surveying means very often work- 
ing in cramped situations, with station marks on the roof of the tunnel 
from which are suspended lamps or candles, when vertical readings are 
as important as horizontal ones, where chain or tape measures in dark- 
ness are made over slippery inclines, where work is scarcely ever 
closed with a check and where rapid work is essential. In fact mine 
surveying may be considered to be in a class of itself necessitating the 
use of theodolites fitted with auxiliary telescopes and special designs 
of compasses called dials, etc., and reference should be made to books 
specially written on the subject. 

The chief difficulty in underground surveying is the transference 
of meridians from the surface to the jhaft . and there are two cases 
involv^. Case I. when the entrance to a mine is by a sloping tunnel 
or shallow and Case II. when the surface meridian has to be 
transferred down a vertical alhaft. 

Case I. presents no difficulty except in the instance of a tunnel when 
borings are being made at each end^ and in order that they shall meel^ 



CONTOUR PROBLEM IN ROAD AND 
RAILWAY CONSTRUCTION 



The above figure shows the plan of a Railway track 
through a hill with side slopes li to 1. Gradient of line 
1 in 30. The portion shown red is the plan of the cut- 
ting required, and the portion in blue that of the 
Embankment 


Note, -When road has been cut through hill the contour lines passing 
through road In plan will disappear and foilow the blue lines 
along the side slopes 


Pbota ZiDco. August, 1926.— No. 420 
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J'ig, 31 is a sketeb of a piece of tmngaktioii carried oift to 



determine accurately the directions DA and Ci*B and also the horf^omftaf 
distance betfween A and fi. The height of' B with respect to A mnet he 
accurately determined by levelling to obtarn t^ie required gradient/ and 
when the gradient has been settled, onr, the distance along the ctifre} k 
next obtained, and co-ordinates to point's on the curve ai certain dhtanees' 
can be worked out. The positions of Ventilating shafta on the hill side 
can be fixed by angular measurements from any of the triangulated 
stations and involve problems where angles, etc., are deduced from the 
coordinates of stations and those of positions on the alignment wherie the 
shaft is required. 


CHAPTER V. 

H¥I>RO. ELECTRIC POWER SURVEYS.* 


100. Illfcro^UCtioiJ.^BIec.tricity*^ derived from water-power or 
white fuel as it 13 some times (called but more generally known as 
hydro-eleictric is a brajqiph engineering which embraces Civil, Mecha- 
nical and Electrical* 

The civil engineer, one might say, stops at the power house or 
generating station where the mechanical add electrical engineer steps 
in takes control of the machinery snch as turbines, Pelton wheels, dynamos 
transformers and the yririn/l transmission line. The civil engineer 

thus delivers water full of potential energy which the electrical and mecha- 
nioal: adapts and puts to different uses in the form of powen 

We are concerned mainly with the civil engineer's part of the 
project or scheme but it is as well to consider first the commeroial aspect 
of the tindertaking. 

At present the greater percentage of electrical power is derived 
ttuiough engines driven by ateam or gas and it may be accepted as a 
truism, other things being equal, that steam or gas have an advantage 
over water gravity power when the plant for the latter is not fully 
loaded or when the load factor is bad, while on a good load factor water 
power has an immense advantage specially if coal is dear a,t the locality 
where power is required. Those who wish to go further into this matter 
are referred to pages 22 to 25 of the Preliminary Report on Water 
Power Resonrses of India. (Government of India) 1919. 

101. WdJter Power Sohemes.— The requirement is, for the 
engineer to devise some scheme by which water can be led from one 
level to another lower level so that in volume and head sufficient potential 
energy is generated on a turbine to make it a profitable undertaking ; 
thus the first essentia] is water and for a good load factor the supply 
should be constant, ne&t a head, the higher, the better, though it will 
be shown later that they are interdependent. 


thifl WM Witten as lecture note* for students without going deeply into 
saltet the Trienuid|^eport Hydro iUoctric Survey of India by J. IV. Meare^, 

, M.l.C.Ql^rw been published and reference should be made to this excellent publics 
^ BleoWksl £nfiaeering Vmtice '' by the same xutbor. 
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Water Sources and Supply, — Water derived from a perennial 
river snow or spring fed must be considered the best source of supply. 
Water may be collected in a lake or tank and be guided into a channel 
by means of weirs and regulators and where the supply is insufficient, 
for say 3 to 4 dry months of the year, a combination of river and 
storage reservoir is then resorted to. 

As regards the head there may exist a natural fall in situ or by a 
slight diversion a channel be made to serve the purpose, as at Niagara, 
Cauvery, etc., and possibly in the near future at Girsoppa. 

If nature does not in one sudden drop supply the requisite head the 
engineer has then to consider how he can divert the water through open 
or closed channels along or through a hillside or spur till he obtains the 
head he requires. If he is able to divert the water across a watershed 
he often obtains a greater fall. The Tata schemes in the Bombay 
Presidency are notable examples of this principle and water which would 
ordinarily flow into the Bay of Bengal falls down the Western Ghats into 
the Arabian Sea. Take for instance the proposed Koina Valley project. 
Water which flows now into the Krishna river will in the near future be 
diverted through a tunnel into the Konkhan. 

The now famous Periar Lake is a fine example to study but this is, 
at present, only used for irrigating land on the East coast and has not 
been harnessed for power. This so called diversion of water from one 
watershed to another generally entails tunnelling, usually a costly item, 
and yet on very large schemes will often be the cheapest method. 
It must however be borne in mind that there are vested rights in water. 

Peter cannot be robbed to pay Paul ’’ without causing friction and 
the probable abandonment of an otherwise splendid project. 

Thus a little thought will show that an ideal scheme is one with a 
large perennial supply or constant supply with a high head and the 
worst scheme where large expensive works have to be carried out and 
maintained to impound water and then divert it a considerable distance 
to a low head. The location of the scheme with reference to the market 
it is to cater for, and the distance from such, is also a commercial pro- 
position, as the further away the location, the greater the cost in trans- 
mission. >The power loss in transmission is a factor of the greatest 
importance. Pinally the use of the tail escape water for irrigation may 
be an additional source of income. 

Q. X H.-A navigable river with a large discharge and a gentle 
slope of bed is of no use in such cases as the fall will be practically nil 
and tbongh the product of discharge and head divided by some constant 
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gives the power generated yet the advantages of 5 cusecs falling a 1,000 
feet is evident as against 1,000 cusecs falling 5 feet. The more profitable 
schemes are likely to be therefore those of small discharge and high head. 

50 to 200 cusecs falling 400 to 2,000 feet may be classed as the best, 
though medium discharges of say 200 to 500 cusecs falling 100 to 400 feet 
are afso good. Large discharges falling from 5 to 50 feet are expensive 
in construction and are therefore poor if anything better is available. 
Any site is worth considering where the product of the minimum 
discharge in cusecs multiplied by the height of the fall in feet is not less 
than 1,600'. Anything smaller than this is too small for industrial pur- 
poses though it may be suitable for a town lighting supply.” 

• 102. Preliminary Reoonnaissaiioe^ Instruments Required . — 
1 Aneroid barometer. 2 Watch with a seconds hand. 3 Tape measure 
or 10' rod. 4 An Abjieyls-Level. 

The engineer will be required to give the following j — approximate 
minimum discharge, head available, position of site on river and referenda 
number of map, accessibility of site, that is, nearest road, railway or 
steamer ghat ; general remarks as to height of maximum flood, whether 
storage appears possible ; nature of country, geological formation, any 
difficulties ; market for power, materials for construction, upkeep of 
works and any other notes he may consider worthy of mention. 

For a discharge as a preliminary, mark off 100' on a straight 
bit of river of which you have a rough cross section and according 
to Barlow using floats (bottles half filled with water are very efficient) 

, . ^ 1 1 i . velocity X wetted sectional area 

and taking surface velocity you obtain (4 = g— or 

a river 40' wide 1]^' deep, average, with a surface velocity of 2' a second 
= 60 cusecs. 10 or 12 floats may be sent down the stream in different 
positions of its width and timed along the 100 feet length. Here the 
seconds watch is necessary and better still a stop watch. The Aneroid 
barometer will give (after correction) heights above mean sea level 
though no great accuracy can be obtained ; it is rather the difference in 
heights between two places which is best determined. The Abney level 
that will give a good idea of the 0 contour level along site or possibly 
the height the impounded water will reach, if a dam is necessary. 

A light pattern plane table with ordinary sight rule and magnetic 
compass if carried would be a most useful adjunct in the hands of a man 
who can use it with any confidence, as with it, a great deal more infor- 
mation could be plotted on the spot and a very fair alignment marked 
on the map, supplemented by a connecting chain of heights obtained 
by the Abney corrected for curvature and refraction. Natural sca,le of 
tangents might be carried in a note book. 
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103. Study of Maps.*— In the study of maps the following hints 
will be found useful remembering that the larger the scale the more exact 
the information also the more recent the survey of the map the more 
reliable the detail drawn such as roads, paths, limits of cultivation, 
forests, and grass lands. It must always be borne in mind, especially 
in hilly tracts, that villages are often evacuated or moved a short distance 
away and a map is some times condemned as inaccurate because it does 
not appear true. A map must be judged by its permanent features. 

The presence of villages, patches of cultivation, is a good guide 
as to whether the locality is thinly or densely populated. If the map 
is on a scale of = 1 mile, or even one on a smaller scale, no great 
reliance should be placed on individual contours which are eye contoUYs 
only. They are a good guide but nothing more. Here and there a few 
heights are taken on these maps and interpolation is resorted to. How- 
ever in studying such a map it will be seen that contours open out in 
places. This indicates a spur or a plateau or a fairly level piece of 
ground and where the contours are close it indicates a steep piece of 
ground almost a cliff or bluff. Where contours at intervals leave a 
stream bed and ultimately merge into a hillside it shows that the stream 
is of gentle slope but on the other hand if contours are bunched together 
at the stream it means that there are cascades if not waterfalls existing. 
When a stream has a tortuous course or meanders it shows that its bed 
slope is small and such localities are not usually of any use for water 
power schemes except as sites for impounded water and here again they 
will be found useless if the stream runs in a deep gorge as then the dam 
would have to be a high one to obtain a sufficient water spread. 

If on the other hand a site is found where a perennial stream 
approaches a river and then suddenly veers away and after a tortuous course 
enters the river close by (see Fig. 32) then a dam and a tunnel may prove a 
possible location for a power 
scheme. Such positions should 
always be examined as they are 
the next best to those in which 
the water is diverted from one 
watershed to another. Another 
case which occurs is when a 
stream makes a hairpii^ hcnd 
that is, returns on itself almost 
batata much lower level. There 
is such an example on the Jumna 
river where it is possible to tun- 
nel across the gap and obtain 
;^e requisite fall. 


Fig. 32. 
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The map will be helpful to mark off the catchment area and local 
authorities should be able to supply information as to extent and duration 
of rainfall but unless rain gauges have been systematically recorded no 
great reliance can be placed on the extent of run off but the highest limit of 
floods, and an investigation of these forms part of the reconnaissance work. 

In the latest Survey of India maps contours are shown in hrown streams 
in black except where they are perennial, that is never known to run 
dry, when they are shown in blue ; villages, roads of every description, 
bridges and all masonry structures in red ; railways, boundaries and 
symbols in black ; wooded areas in green ; and cultivation in yellow. 
For the scale 1'^ ~ 1 mile these official maps may be taken to be very 
accurate and sufficient for all purposes of reconnaissance. 

104, The following memory notes will be found useful. 

1000 mill ; c. f. = 30 cusecs a year continuous discharge allowing 
for absorption and evaporation. 

1 square mile of water 1 foot deep will give I cusecs discharge for 12 
months or a rough rule of 1 cusec for 12 months. 

1 inch of rain = 100 B ritish Metric to ns or 3,640 c. f., per acre 
64,000 tons to the square mile or weighs 100 British Metric tons 
to an acre. (One acre 10 x 1 (hunter’s chains). 

Flow of 10 cusecs perennial == 11’2' depth with a surface of 1 
square mile. 

1 cusec flowing for 12 hours = 1 acre foot of water. 

1 kilowatt = 3 h. p. = 737 feet lbs. per second. 

1 bigha = g acre. 

Current at 0*1 anna a unit (i.e, 1 kw : hour) costs Ils. 55 per 
Kw. year. 

Load factor is the ratio of the average supply of power to the 
normal maximum of the generator. 

Cusecs X head i i i_ \ 

= electrical horse power, i 

I Electrical Engineer- 
=s kilowatts. > ing Practice by J. W. 

I Meares, para. 346. 
kilowatts as delivered. J 

105 . Rainfall and Run off. — In India (excluding all snow fed 
rivers), streams, rivers, and tanks derive their water mostly from the S. W, 
mooBQOQ concentrated between the months of Jane and October though 
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some parts of the Peninsular obtain rain during December and January 
such as Madras and the S. E. coast and a few falls may occur under the 
influence of the S. E. monsoon all over India and in Northern India a few 
falls of rain in winter from the direction of Persia. This latter rainfall 
does not give much run off as it occurs after a spell or break of dry 
weather. It is however not a negligible quantity and at times it has 
often more than compensated for evaporation which has taken place in 
the interim. The engineer will at any rate expect his maximum floods to 
occur during the regular monsoon period and he must allow for this 
discharge in his dam or weir or whatever arrangements he has made for 
escaping the overflow. No hard and fast rules can be laid down for 
quantity of Run-off. Each locality requires its own formula and should 
be examined on its own merits. Soil forests, lie or land, prevailing 
winds, duration of monsoon, average rainfall, etc. must be considered and 
should be examined on the spot and local knowledge gained as to 
maximum known height of floods on rivers or streams. 

Sir Alexander Binnie lays down for the Central Provinces 40''lo of 
average rainfall after deducting 20 to 25 to allow for 3 successive dry 
years. This has been found to be a fairly liberal estimate and one which 
would be classed as high for say Bundelkand. For the Mirzapur water 
supply scheme 25 % of average rainfall was agreed upon. 

The engineer can not leave anything to chance and therefore must 
work on a minimum run-off as well as a maximum discharge for his escape. 
Example — take the average rainfall of 60* over a certain area of the Central 
Provinces of 20 sq. miles. If we reduce this by 25 % we obtain 45" and 
40*^1^ of this is IS** or 1^' of water. If all this were impounded it gives us 
30 sq. mile feet as a result and since | cusecs discharge is equal to 1 sq. 
mile foot of water we obtiin a minimum discharge of 26^ cusecs. Now it 
is not possible to impound all this water, a good deal may come down in a 
sudden rush and be lost in discharge through the escape, further a tank 
is never drained dry so that 26^ cusec may ultimately be reduced to 1&. 
Again 30 sq. mile feet of water means a tank with a surface area of 1 
sq. mile and 30' average depth and so it must be decided whether the dam 
can be raised to a height of at least 50' to 60' to impound this. When 
the engineer does so he must next consider the cost of such a dam and 
thus it will be seen that one item leads to another ending in no^ so much 
as to whether there will be sufficient water but whether in the end it is a 
sound commercial proposition and so on. 

106. Pip6LiD£«--*The next item to consider is the pipe line or 
channel to tHew^ay or balancing tank; and it is an axiom ih hydros 



HtDKO-BtiECtKtC POWEB SURVEYS. 


141 


electric schemes to lose as little head as possible. An examination of the 

formula will show that 10' of head lost between the dam site 

attd forebay means a great deal of power lost and lost irretrievably. The 
forebay or tank reservoir is constructed to gather silt and by a system of 
st rainers to catch all matter likely to damage the turbines or Poitou wheels. 

107. Pressure Pipes. — Modem practice is to give each turbine 
a separate pipe. If the maximum capacity of discharge is divided by 3 
there will be three units but an extra unit is always put in to allow for a 
breakdown so that in the above, 4 pipes would be taken to the power 
house. This system alw&ys enables one to regulate the load capacity. 
There is also one other limit to be considered or imposed for the pipe line. 
The thickness of metal cannot be much over IJ* for rivetted pipes or 
even for welded pipes, in fact 11" is fairly high. Knowing the head you 
can calculate the maximum diameter that you can go to, and this gives 
you the maximum quantity of water that any one pipe will deliver. This 
again determines your size of turbine and from the capacity and speed of 
each unit you can readily get quotations for generators, switch gear, 
transformers, etc. 

In pipe lines a speed of 6 to 10' a sec can be allowed in the pipe 
but this must be checked against friction loss resulting. Another factor 
is water hammer action, to counteract which a water tower is necessary 
or a length of the pipe line is more than 5 

times the n^, water hammer is inevitable. The pipe line has to be 
bracketted to the rock face and the actual length of the pipe down the 
scar^is an important detail and not an easy matter for survey. The 
manufacturer must know, besides the true length and the angle for all 
bends and the number and positions of expansion joints required. 

Pipes will of course have to take larger stresses as they approach the 
bottom and the latest practice is to lessen the diametre and give a greater 
thickness of metal. 

In the Andh ra va lley scheme the pipes are 42" at the top then 36* 
and then 32" at the bottom. 

108. Tail Raoe* — When the water has passed through the turbine 
it has still a certain amount of velocity and so that it will not surge 
at the back of the turbine it must be carried away quickly and then 
allowed to enter a channel doing as little damage as possible in its journey. 
If there are several tail races then there should be differences of level to 
prevent backing up or afflux. These channels are usually of masonry or 
concrete and are sometimes built under the transformer building to 
economise space* 
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loy. Transmission Line. — Here the surveyor will be called to 
select the shortest and cheapest alignment and to calculate for and 
construct the pillars or g rids f or the line. Very often the alignment will 
be over hilly country and the use of the bar-subtense will prove almost 
invaluable for measuring distances across gorges. (Compare device 
on the lndia_Pattern Level and the use of the graduations on the 
micrometer wheel). 

Thus in this brief outline it is seen that the subject embraces almost 
every class and type of civil engineering, inc ; — buildings, such as power 
house, transformer station, dams, weirs, canals, channels, acqueducts, 
suspension bridges and aqueducts to carry water across a valley, sluices 
reservoirs, forebays, tail escape, towers, etc. The student is recom- 
mended the following : — Buckley, Binnie and Strange for water supply 
and run-off, Wegmann and Strange for dams and Hears for Electrical 
Engineering generally. 

We may now consider more fully certain questions of run oflF, 
capacity of tanks, evaporation and absorption. The methods of detail 
survey, can then he left to the engineer who should discriminate 
between the necessity of triangulation or traversing, with the plane table 
as a detail filler according to the accuracy needed. 


110. Barlow's Percentages are as follows .— 



Flat cultivated 
black cotton soil 
catchment 

Flat cultivated 
and 

stiff soils. 

A verage 
catchment. 

1 

Hills and plains 
with little cul- 
tivation. 

Very hilly steep 
and rocky with 
little cultivation. 


J to 1' in 24 hours if 
preceded or ended 
by showers of 1" to o 
1^" in 24 hours ^ 
otherwise 

> % 

o 

o 

70 

5 '■lo 

1 

I0»(o 

IS"!. 

« S o 

|='S3 
®.a g-S 

1^ to if followed S 

or preceded by rain ^ 
also or 1^ to 3| ^ 
otherwise S 

10 I. 


20 •(. 

25 *1, 

33 •!. 

9 © — JS 

5 £ j)*" 

5l1l 

Those over 3" or con- ^ 
tmuous falls of 2^ ^ 
in a day or falls of ^ 
the intensity of 2"^ pq 
in an hour or over PQ 

20»|, 

33 *1, 

40 oi. 

55 »|, 

70 o|. 

1 

Compare the 
of rain fall on 
about a months 
the tank ia expef 


Ill, The following is a graphic method of finding the capacity of 

A tank. 
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JUxample : --^vaA the volume of water in a reservoir when the 
water stands at a level of 45' above datum ; the bottom of the reservoir 
being 22'. 


Fig. 33, 



First draw elevation and plan of dam and then take surface areas of 
each contour by planimeter. 

Let area of 45 contour 5'083 sq. inches and if linear scale is 80' r= 1" 
then area = 5'083 x 80 x 80 = 32,500 sq. ft. 


and areas of 40 contour 

= 21,530 

35 


= 10,560 

30 


= 3,780 

25 


=s 577 

22 


= 0 


The length of the irregular solid =: 45 — 22 = 23 therefore on a hor : 
scale of r = 10', 23' = A B ; vertical scale so that 1" = 16,000 sq, ft ; 
and thus 1 sq. in, on the paper represents 10 x 16,000 = 160,000 
cubic feet. 

Now area of paper =• 1’633 sq. in. therefore vol. = 16j000^ix 1*633 = 
261,600 <i^bic feet ■= 1,634,000 galls. 


This example is. to be fonnd in the '* D. U. Series Vol. 1, Mathematics for Kn|;inee^ 
page 88?- 
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TABLE 1. 

Values to be used fer Curvature and Refraction in Height Computa* 
tions, Form E, between latitudes 23"^ and 80^, 



Example . — Let log base = 4*1945328 and the observed vertical angle 
can tie - 0® 17' 19". In the table the nearest number is 4*196 = + I' 7* 
and therefore the corrected angle will be — O'" 17' 19* + T V = 
^ 0° 16' 12". 
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Corrsotion for Ourvatare and Refraotion. 

Showing the difFerence of the Apparent and True Level in feet, and 
Decimal parts of Feet, for distances in Feet, Chains and Miles. 
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TABLE III.*— Astronomical Refraotions.f 



Notes,— 1. Befraction is additive to Apparent Zenith Distance and subtractive from Apparent Altitude, 

2. Correction for barometer is Mean Refraction if barometer reails tha* 

|r additive to more 


2. Correction for barometer is Mean Refraction if barometer reails — ^ than SO Inches 

jj^ OddltiVC to 1710T6 

8, Correction for temperature is » temperature is than 60® Falir 

• Auxiliary Table XXI 1., Survey of India, 
t 88* cot elevation or altitude gives a olose result suitable for India, 
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TABLE! III.* — Astronomical Refractions. — (^Continued). 
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•45 

31 2 

•25 

20 

6 S3 

•655 

.46 

•767 

15 

IS 18 

•58 

•8 

•29 

30 

6119 

67s 

68 

.781 

20 

, IS 36 

•71 

325 

•34 

40 

6 i8 8 

.700 

•92 

•795 

25 

IS 55 

•83 

33 I 

39 

SO 

6 2 S 9 

•725 

13-16 

.810 



396 

412 

•29 

•44 

•60 

79 

338 

34 - 9 

35 - 6 

364 

372 

38*0 


82 0 
10 
25 
30 
40 
SO 

<5 33 3 

6 41 0 

6 489 

6 572' 

7 57 

7 ‘ 4'6 

• 7 S 5 

•780 

-8io 

840 

•870 

9.10 

1341 

.67 

•94 

14-23 , 
•56 
-86 

•826 

•843 

•858 

976 

•894 

•913 

87 30 

35 

40, 

45 ! 

50 

55 

16 14 

16 34 
i <5 55 , 

17 17 

17 40 i 

18 3 

3-44 

•49 

•54 

•59 

76 

82 

83 0 

7 239 

0-945 

1518 

0932 

88 o' 

18 28 

4.99 

9 ! 

.88 

10 

7 33 5 

•980 

•SI 

•998 

s! 

18 53 i 

5 19 

398 

95 

20 

7 43 5 

I 025 

•85 

X 020 

10. 

19 20 

•40 

407 

3-02 

30 

7 540 

•070 

1621 

•043 

is' 

19 47 

•63 

41 7 

1 ‘09 

40 

8 4-9 

•no 

•58 

067 

20; 

20 16 

-86 

42-7 

2$ 

50 

8 162 

•160 

•97 

•092 

25 

20 46 

6*1 1 

437 

•36 

84 0 

8 28 1 

X' 2 IS 

1738 

mi8 

88 30 

21 17 

638 

448 

345 

10 

8 405 

•265 

.80 

•145 

35 

ai 50 

67 

464 

•54 

20 

8 53 4 

•32s 

18 24 

•173 

40 

22 24 

.98 

478 

.76 


H UTKo.— 1 . Kefractiou w <iddittve to A ppareut Zeuith DiijUiuoc uud mbtuicUve Irom Apparent Altitude. 


J. Oorrcctiou for barometer is ^ 7 " ~ Sefnietiou if barometer reads than 80 iuehb®. 

adaiticc 10^ inuic 

3. Correction for temperature is » temperature is than 60® Fabn 

“ Auxiluiii Table XXII , Survey of ludia. 

1 5B" cot elevation or altitude gives a cloiie result suitable for India. 
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TABLE IV.— Sun’s Parallax in Altitude- 


Altitude. 

Parallax. 

Altitude. 

Parallax. 

Altitude. 

Parallax. 


// 

o 

n 

o 

n 

0 

8 (10 


745 

60 

4*30 

2 

8-59 

32 

7-29 

62 

4*04 

4 

8 58 

34 

1 7*13 

64 

3-77 

6 

8-55 

36 

6*96 

66 

3*50 

•8 

8-52 

38 

6-78 

68 

3’22 

10 

8-47 


6*59 

70 ! 

2'94 

12 

8.41 

42 

6’39 

72 

2 66 

14 

8 34 

44 

6-19 

74 

2*37 

16 

8-27 

46 

5*97 

76 

2*08 

18 

8-18 

48 

5-75 

78 

1*79 

20 

8-08 


5*53 

80 

1-49^ 

22 

7-97 

52 

5*29 

82 

1*20 

24 

7-86 

54 

5*05 

84 

0*90 

26 

7*7^ 

56 

4-81 

86 

0*60 

28 

7-59 

68 

4*56 

88 

0*30 





90 

0-00 
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TABLE V* — Values of forComputationofCircunipolarAzimuths. 














TABLES AND APPENDICES. 

TABLE V-*— Values of for Computation of Circumpolar Azimuths. 


Hour Angles in Time. 


Seoouds. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

^ 10 

XX 

X 2 

»3 

14 

^5 

i 6 

*7 

i8 

*9 

^20 

2 X 

22 

23 

24 

as 

26 

27 

28 

29 

-9^30 

3 * 

32 

33 

34 

35 

36 

37 

38 

39 
-- 40 

41 

, 42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 
.53 

54 

ss 

55 
57 

iM 

XO”* 

9A32 

[9697 

97 63 
198 28 

198 94 

19960 
200 26 
200 92 

201*59 

202 25 

202 92 
203*58 
204 25 

204 92 

205 59 
20626 

206 93 

207 60 
20827 

20894 

20962 

2 I 0’30 

210*98 

2 X 1 66 

212*34 

2x502 

21370 

214*38 

215*07 

2157s 
216*44 
217 I2 
217 81 
218*50 
219*19 
2X9*88 

22058 

221*27 

221*97 

222*66 

223*36 
224 06 

224 76 

225 46 
.226 16 
22686 
227 57 
228*27 
22898 
229*68 

23039 
23110 
231*81 
232*52 
233^4 
233*95 
234 67 
a 3 S’ 3 a 

,, , 330 -iO 
hSW6-8a 

X jm 

ifJ 

237 54 
238*26 

238 98 
239*70 
240*42 

241*14 

241 87 
24260 

243*33 
244 06 

244*79 
24 .*i '52 
246*25 
246 98 
247*72 
248-45 

249 * 1 9 

24993 

250*67 

251*41 

252-15 

252 89 

253 63 

254*37 

255 12 

255*87 

256 62 
257*37 
2581a 
25887 

259 62 ' 

260 37 

261 12 

261 88 

262 64 

263*39 

264*15 

26491 
265 68 
26644 

267*20 

2679^5 

26873 

26949 

270 26 

271 02 

271 79 

272 56 
273*34 
27411 

274 88 
275*65 

276*43 
277 20 

277 98 

278 76 
279*55 

; 280*33 
1 281*12 
1 281*90 

12™ 

282 68 

283*47 

284 26 
^85*94 
285*83 
286*62 

287*41 

288 20 
289*00 

289 79 

290*58 
291 38 

292*18 

292*98 

293 78 
294*58 

295 38 
296*18 

296 99 

297 79 

298 60 

299 40 

300*21 
301*02 
301*83 
30264 
303*46 
304-27 
305 09 
30s 90 
306*72 

307 54 

308 36 

309 18 
3x000 
31082 

311*65 

312-47 

313*30 

314*12 

31495 

3*5 78 
31661 

3 * 7*44 

31827 

319*10 

319*94 

320 78 

321 62 

322-45 

323 29 

324*13 

324*97 

32581 

326 66 

327 50 
3283s 

32919 

330*04 

33089 

13™ 

• 

131 74 
33259 

333*44 

334-29 

335*15 
336*00 
336 86 
33772 
338*58 

339 44 

340 30 

341 16 
342.02 
342-88 
343*75 

344*02 

345 49 

346 36 
347*23 
348*10 

34897 

349 84 

35071 

35*58 
352*46 
353 34 

354*22 

3 55 10 
355*98 

356 86 

357 74 

358 02 

359 SI 
3O0 39 
361 28 
362*17 

363 07 

363 96 

364 85 

365 75 
366*64 
367 S 3 
36842 

36931 

37021 
371*** X 
37201 

37291 

373 82 
37472 

375 63 
376*52 

377 43 

378 34 
379*26 
380 17 
381*08 

38**99 
38**90 
1 383*82 

38474 4 
JSS'^S ^ 

386 's 6 

jS7 48 ^ 
588*40 

38932 
390 24 

391*16 
392 09 
393*01 

393*94 
394 86 
395*79 
396*72 
397 65 

398-58 

39952 

400-45 

401*38 

402*32 

403*26 

404*20 

405*14 

406 08 
407*02 
407*96 
40890 
409*84 
410*79 
4 * **73 
412*68 
413*63 
414-59 

4 * 5*54 

41649 

417*44 

41840 

419*35 

420*31 

421*27 

422 23 

423*19 

424- 15 

425- 11 
42607 

427 04 

42801 

42897 
42993 
430 90 

43 > 8; 
432-84 
433 82 
43479 

43576 

43673 

43771 

338-^ 

439-67 

440 ' 6 s 

^ 4^•63 

f42*62 

I 43 ’ 6 o 
M 4-58 
M 5 S 6 
» 46 ' 5 S 
44754 
44 H'S 3 
449 51 

45050 

45 ' ’SO 
452'49 
4 S 3 ' 4 S 
454‘48 

455-47 

45647 

45747 

458- 47 

459- 47 

460- 47 

461- 47 

462- 48 

463- 48 

464- 48 

465- 49 

466- 50 

46751 

46852 

469- 53 

470- 54 

471- 55 

472- 57 

473- 58 

474- 60 
47562 

476- 64 

477- 65 

478- 67 

479- 70 

480- 72 

481- 74 

482- 77 

483- 79 

484- 82 

485- 85 

486- 88 

487- 91 

488- 94 

489- 97 
491 01 

492-05 

49 J -08 

494- 12 

495- 15 

496- 19 

497- 23 

498- 28 

499- 32 

500- 37 

501- 41 

16'" 

502- 46 

503- 50 

504- 55 

505- 60 
50665 
507-70 
50876 
50981 
51086 

511- 92 

512- 98 
5 ' 4 -t 3 

515- 09 

516- 15 

517- 21 

518- 27 

519- 34 

520- 40 

521- 47 

522- 53 

523- 60 

524- 67 

525- 74 

526- 81 

527- 89 

528- 96 

530- 03 

531- 11 

532- 18 

533- 26 

534 - 33 

535- 41 1 

536- 50 

537- 58 

538- 67 

539- 75 

540- 83 

541- 91 

543- 00 

544- 09 

545- 18 

546- 27 

547- 36 

548- 45 

549- 55 

55064 
551 73 
55283 

553-93 

55503 

556-13 

1 557-24 

558- 34 

559- 44 

560- 55 

561- 65 

562- 76 

563- 87 

564- 98 
56608 

17”' 

567- 19 

568- 30 

569- 42 

570- 53 

571- 65 

572- 76 

573- 88 

575 - 00 

576- 12 

577- 24 

578- 36 
57948 

580*60 

581- 73 

582- 8S 
58398 

585- 11 

586- 25 

587- 38 

588- 50 

589- 64 

590- 77 

591- 90 
593-05 
59418 

595- 32 

596- 46 

597- 60 

598- 74 

599- 89 

60102 
602*17 
603*32 
604*46 
605 62 
606*76 
607*91 
609 06 
6x0 21 
611*36 

6x2*52 

6x3*68 

614*84 

61600 

617 IS 

618*32 

619*47 

620*64 

621*80 

622*96 

624*14 

625*30 

626*47 

627*64 

628*81 

629*97 

63x*is 

632*33 

633*49 

634*67 

iS- 

0 

635^84 

637*03 

638*20 

639*38 

640*56 

641*74 

642*92 

644*11 

645*30 

646*49 

647*66 

648*86 

650*04 

651*24 

652*42 

653*65 

654*82 

656*01 

657*20 

658*40 

659*60 

660*80 

662*00 

663*21 

664*40 

665*61 

666*81 

668*02 

669*22 

670*44 

671 65 
672*85 
67406 

675*27 
676 49 

677*70 

678*92 

680*13 

681*35 

682*57 

683*79 

685*01 

686*23 

687*46 

688*68 

689*91 

69113 

692*36 

693*59 

694*82 

696*05 

696*28 

698*51 

699*75 

700*99 

702:21 

703*4 

704*69 

705*93 

70748 

19“ 

708- 42 

709- ^ 

710- 90 

712- is 

713- 39 

714- 64 

715- 90 

717- 13 

718- 39 

719- 63 

720- 89 

722- 14 

723- 40 

724- 65 

735- 91 

727- 18 

728- 43 

729- 69 

730- 95 

732- 22 

733- 48 

734- 73 

736- 00 

737- 28 

738- 53 

739- 81 

741- 07 

742- 35 

743- 62 

744- 89 

746- 17 

747- 45 

748- 72 

750- 00 

751- 28 

752- 56 

753- 84 

755- 13 

756- 40 

757- 69 

758- 96 
760*26 

761- 54 

762- 83 

764- 12 

765- 43 

766- 71 

768- 00 

769- 29 

770- 58 

771- 88 

773- 18 

774- 48 

775- 78 

777- 07 

778- 38 

780-^ 

782-39 

783 'S 9 







Honrs of 
Sidereal Time. 
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TABLE VI. 

For’ converting Intervals of Sidereal Time into Equivalent Intervals 
of Mean Solar Time. 




h m 8 

I 0 59 50* 1 704 
a I 59 40*3409 
3 a 59 30*5 ”3 3 

A 3 59 20 * 63 i 8 

5 4 59 

6| 59 I •0226 

7 6 58 51*1931 

8 7 58 41*3635 

9 8 58 31*5340 

10 58 21*7044 

It 10 58 11*8748 

12 II 58 2*0453 

13 12 57 52*2157 

14 13 57 42*3862 

15 M 57 32*5566 
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TABLE VII. 

For converting Intervals of Mean Solar Time into Equivalent Intervals of 

Sidb;keal Time, 


HOURS. 

MINUTES. 

SECONDS. 

Hours of 
Mean Time. 

Equivalents 

in 

Sidereal Time. 

Minnies of 
Mean Tune. 

Equivalents 

in 

Sidereal Time. 

Minutes of 
Mean Time. 

Equivalents 

111 

Sidereal Time. 

Seconds of 
Mean Time. 

Equivalents 

in 

Sidereal 

Tune. 

Seconds of 
Mean Time- 

Equivalent# 

in 

Sidereal 

Time. 


h 

m 

8 


m 

8 


m 

8 


8 


8 

X 

I 

0 

9'^565 

1 

I 

0*1643 

31 

31 

5 09»5 

I 

1*0027 

31 

31-0840 

2 

2 

0 

I 9 ’ 7 i 3 o 

2 

2 

0*3286 

33 

33 

5 -* 56 ^ 

2 

**0055 

33 

31-0876 

3 

3 

0 

» 9 ' 5<594 

3 

3 

04928 

33 

33 

5-4211 

3 

3*oo82j 

33 

33*0904 

4 

4 

0 

39 * 43.59 

4 

4 

0-6571 

34 

34 

5*5853 

4 

4*0110 

34 

34*0931 

5 

5 

0 

49 *Q 82 d 

5 

5 

0*8214 

35 

35 

5'7496 

5 

5*0137 

35 

35*0958 

6 

6 

0 

59 -i 3»8 

6 

6 

09857 

3 (y 

36 

5*9139; 

6 

6*0164 

30 

36*0986 

7 

7 

I 

8’9955 

7 

7 

I-I 499 

37 

37 

6-0782 

7 

7*0192 

37 

37 ‘J°i 3 

8 

8 

I 

iS-a'iiS 

8 

8 

1-3142 

38 

38 

6*2424 

8 

8*0219 

38 

38*1040 

9 

9 

I 

287083 

9 

9 

1M78.S 

39 

39 

6*4067 

9 

9*0246 

39 

39-1068 

aO 

10 

I 

3 !i*j 647 

10 

10 

1*6428 

40 

40 

6-5710 

10 

10*0274 

40 

40-1095 

ri 

II 

1 

.(8*4212 

II 

ii 

1*8070 

4 » 

41 

6-7353 

II 

11*0301 

41 

41 1113 

12 

12 

1 

58-2777 

12 

( 2 

1-9713 

42 

43 

6-8995 

12 

12*0329 

42 

42-1150 

13 

13 

2 

8-1341 

13 

13 

1-1359 

43 

43 

7-0638 

13 

13-0356 

43 

43-1177 

M 

*4 

2 

17-990' 

14 

14 

2*2998 

44' 

44 

7*2281 

M 

14-0383 

44 

44-1105 

>5 

>5 

2 

27-8471 

15 

15 

2*4641 

45' 

45 

7*3934 

15 

I3*0dii 

45 

45*1231 

i6 

16 

2 

J7'7o3^ 

16 

16 

2*6284 

46 

46 

7*5566 

16 

16*0438 

46 

<16-1159 

n 

17 

2 

47*5600 

17 

n 

2-7927 

47 

4; 

7-7209 

'7 

17*0465 

4'? 

47 - 1 1.^7 

id 

18 

2 

57 ‘ 4‘65 

18 

18 

2-9569 

48 

48 

7-8852 

‘8 

18*0493 

48 

48-1314 

19 

19 

3 

7-2730 

19 

19 

3-C212 

49 

49 

8-0495 

19 

19*0520 

49 

49*' 34 

20 

20 

3 

I 7*1295 

20 

20 

3-1855 

50 

50 

8-2137 

20 

20*0548 

50 

50-1369 

21 

21 

3 

36*9859 

21 

21 

3-4498 

5 ‘ 

5 > 

8 3780 

21 

21*0575 

51 

51*1396 

22 

22 

3 

36*8424 

22 

22 

3-6140 

5 * 

5 » 

8 5413 

22 

22*0602 

51 

51-1414 

^3 

33 

3 

46*6989 

33 

33 

3-7783 

53 

53 

8-7066 

33 

2;;*o63o 

53 

53 * 145 ' 

34 

i 34 

3 

56*5554 

24 

34 

3-9416 

54 

54 

8-8708 

34 

34*0657 

54 

54* '4 79 


' 



35 

35 

4-1069 

55 

55 

9*0351 

35 

35*0685 

55 

55*'5o6 





26 

26 

4-2711 

56 

56 

9-1994 

26 

26*0712 

56 

56*1533 





37 

37 

4-4354 

57 

57 

9*3637 

37 

27*0739 

57 

57 *' 56 ' 





28 

28 

4-5997 

58 

58 

9 * 5^79 

28 

28*0767 

58 

58*1588 





39 

39 

4-7640 

59 

59 

9-6922 

39 

29*0794 

59 

59'6 i 5 





30 

30 

1 

4-9182 

60 

60 

Lmm* 

9*8565 

30 


60 

60*1643 
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112. How to find the logarithm of a small angle- 

If 6 be the circular measure of a small angle and n the number of 
seconds in it then — 


0 = 


180 X 60 X 60 


= n X sin 1*. 


log 0 =s log n + log sin 1" where log sin I" = log 


Now sin 0 =: 0 — ^ + 


= 6-G855749. 


_ 1 — ^ ^ ~ ~ Ty 

log sin 0 a= log 0 — ^ log sec 0 = log 7i -f log sin T' — ^ log sec 0. 
Example. — Find the log of sin 39". 

Log sin 39" = 1-5910646 + 6-6855749 — ^ (0 0000000) = 4-2766395. 

fl_ il-L 1 _ Jl 

Similarly tan 0 = — g = ^ = 0 ^ 

Z 2 Z 2 

= 1 + ^ 02 + sr: — -y) * = COS 0~^ = sec ft* 

log tan 0 = log 0 + f log sec 0 = log n -f log sin 1" + f log sec 0. 
Example. — Find the log of tan 39". 

Log tan SO" =» 1-5910646 -f 6-6855749 -f § (0 0000000) = 4'-2766395. 
Values of small angles for degrees and minutes are found in ordinary 
log tables but the values of small angles to seconds must be computed as 
above since interpolation of such from log tables would be incorrect. 

118. Another solution for reciprocally observed altitudes- 

Fig. 34. 



Given that reciprocal and simultaneous observations at two stations 
A and B have been made on both faces of the instrument, and that the 
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heights of signals C and D and also the heights of the instrument at 
telescope axes E and F above A and B have been recorded, and that EG, 
HP, AK and LB are all horizontal lines, and that EG = HP AK ~ LB 
horizontal distance between A and B at level of A = d. 

Let AC =s height of signal 0 from the ground level =: K 

BD = „ ,, ,, D ,, ,, „ ,, = Ab 

AE = „ „ instrument „ „ „ at A = \ 

BP ,, ,, ,, ,j ,, ,, B = 

Let observed mean altitude of D at A = Z DEG a. 

M 9 ) jj „ C at B = z CFB = ft. 

Then DG = d tan a. 

CH = d tan ft, 

BK = AL = diflP. of level A and B. 

But BK = BD - DG -GK ^ BD ^ DG - AE 

= h]) — d tan a — ?a 

and AL = OL- AC = CH + HL - AC 
= CH + BP — AG 
= d tan ft + % — /ift 

Adding 2 BK = 2AL= (d tan ft + % 4- h) - (d tan a ^ h + K)* 

Thus the difference of level between A and B 

= ^ {(rf tan /? -f ?b + h) - {d tan a + ?a + h)} 

It is noticed that the quantities which are named after a station, 
e,g,y tan a, la, K named after A, have the same sign. 

Whether A or B is higher can easily be determined by the observer 
when he is at either station. Then the quantities belonging to the higher 
station are subtracted from the quantities belonging to the lower station : 
half the difference is the true difference of level between the two stations. 

114. Dip of the horizon. — In figure let be the angle subtended 
at the centre of the earth, and since Fig, 35. 

AB £= AjCk + 7 -y ^ 2 rh 

and since also is very small compared 
with r then 

* AB = very nearly. 

980 X 5280 

Now h is the height above M. S. L. 
of the observer in feet and r radius of 
the earth in feet. 

/, log tan 6 = ^ log 2A - ^ log (1980 x 5280) 
and if A = 10 feet then log tan d = 7' 14087 
/. 0 = 4' 45*^ 
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115. To determine the value of one division of the level 
scale on a theodolite* — Roughly level the instrument and with the 
antagonistic screws bring one end of the bubble to a certain division, 
say 20, and with the vertical arc slow-inotion screw intersect some object 
and record reading — let the reading be 0° 41' 20.* Again, with the 
antagonistic screws bring the same end of the bubble to division 0 so 
that the same end of the bubble has now travelled over 20 divisions. 
With the vertical arc slow -motion screw reintersect the object and let 
the reading be 0° 38' 40." Then^ the difference of the readings 
in seconds divided by the number of the divisions travelled over by 
the bubble is equal to the value of one division of the bubble er level 
0° 41' 20" - 0° 88' 40" _ 160" _ q,, 

20 ““ 20 ^ * 


To assign the correction for the bubble to vertical angle observations^ 

Suppose the following to be a record of a field-book and that the 
bubble division has a value of 20* : — 




A. 

B. 

Level Reading. 





Object end. 

1 Eye end, 

L 

23° 

o 

o 

26' 30" 

7 

1 5 

E 

24° 

27' 00’ 

28' 00’ 

10 

0 

B 

27° 

05' 00" 

06' 00" 

7 

4 

L 

25° 

00' 00" 

00' 00" 

12 

0 


The mean angle is equal to the mean of the 8 readings plus or 
minus the correction for level. Now there are 4 level readings for 
object end totalling to 3fi and 4 readings for eye end totalling to 9 and 
the correction is found as follows : — 


O - E 

number of readings 


X value of 1 division = 



20 = X 20 = 1' 07.5\ 


If the object end is in excess the correction must be added, and if 
the eye end is in excess the correction must be subtracted. 

The mean angle is therefore 24° 59' 19’' + 0° 1' 07*5' 

=r 25° 00' 26*5\ 


The above is for a bubble graduated from the centre outwards ; if 
the bubble is graduated from one end only the readings of the zero end 
are considered negative and the above rule is then applied. ‘ 

116. Base line redaction to Mean Sea Level-— Long lines 
such as base lines and sides of triangulation must be reduced to 
to obtain the Qeodetio distance. 
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Let a base line (JD be measured and required to be reduced to hori- 


Fig. 36. 



zontal distance. Let the 
heights of C and F be 
2,640 and 5,280 feet 
respectively above mean 
sea level and be repre- 
sented by h\ and A. 

Then ^ - ~ 
AB R 


ancl "Tins' 


K + 
where 


EK R + 

R is the mean radius of 
the earth. 

The mean of the 
polar and equatorial 
diameters is usually taken as 7912*03 miles, and therefore the mean 
radius =; 3956*015 or R = 20,899,318 feet ; its log being 7*3201319. 


Then 


AB 
5 miles 


3966 
3966 6 


• AT 3 ^ 5 ( 3956 ) 

. . AD — 'gggg.g 

log AB = 4*2962263 - 3*5973112 
= 0*6989151 
AB 4*99937 miles 
or *00063 miles less than 5 miles 
3= 16*63' less than 5 miles measured on a plane half of a mile 
above Mean Sea Level. 


117. Probable errors* — The arithmetic mean of a number of ob- 
servations is the most prohuhle valve of the quantity observed, and the 
probable error in such a quantity is that it is an even wager that it is so 
much more or so much less of the real value. 

The deduction of probable errors is useful as it shows whether the 
errors are within the allowable error, and how much or to what extent 
a certain set of observations may be depended on. 

It must be remembered that constant errors which can be eliminated 
must be first eliminated before the method of least squares is applied. 
A tape that is known to be too long will give short records of measure- 
ments and these measurements must first be corrected before any 
^‘weight” can be assigned to the accuracy of any set of measures. 
Any observation which is obviously wrong must be eliminated, and 
900 of the assumptions is that large errors do not occur^ but what is 
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frequent is that a plus and minus error of reading, etc., cancel. In 
fact, to summarise and attach any weight to sets of observations the 
conditions of each set must more or less be equal. 

If n = number of observations. 

d the difference between any one observation and the arithmetic 

mean. 

E = the probable error of any one observation. 

Eo •= the probable error of the mean of all the observations, 
c = 0‘6745 a constant found by the theory of least squares, 

2 “ the sum of. ” 

Then from the theory of least squares. 


E = 0-6745. 


/ si’ 


I *<*1 

E„= 0-6745s/ 

Example , — Abstract of angles taken from a triangulation field-book. 
Angle. d. d*. 

0 # r 

70 55 12 + 7 49 

54 59 - 6 36 

55 06 + 1 1 

55 03 - 2 4 


)) 

» 

)) 


Mean 70 55 05 


90 


Then E = 0-6745 
= 3-7'. 


/ 90 

i.y-m = 0-6645<y 30 

I 90 /90 

= 0-6745ji2 


Eo = 0-6475 
« 1-85*. 

angle = 70» 55' 05" ± 1-85". 

Probable errors give' an idea as to what toet^hf should be given to 
different sets of observations, and these weights^ it has been found, vary 
inversely as the squares of the probable errors. 

If, for example, another set of observations had been taken and 
Eo was found to be 2*57' the weights of the two observations would be 

or as 2 1 1. 
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In traversing from azimuth to azimuth the probable error in any 
angle will be equal to the total error divided by the square root of the 
number of angles of the traverse. 

Example.'—\{ in 36 stations the angular error in closing was 6 
minutes the errof per angle is not as is generally supposed or 10 

seconds but VW " ^ minute. 

The reason for this is that errors are compensating and thus a 
fictitious closing error is arrived at and not a true one showing the 
accumulation of error. 

In measuring if the following were the records of measures after 
being reduced for constant errors the probable error per whole measure- 
ment will be found as follows : — 

d. d^, 

5) 6*7 -425 -180625 

516 3 *025 -000625 

515- 9 -375 -140525 „ 

Eo 

516- 2 -075 -005525 

■ — « 0-6745V *025608 — *108 

Mean = 516 275 ^d^ = -327300 

or the probable error of the mean is about 

118. To lay down a parallel of latitude.—If an azimuth is 
observed on a certain latitude and a lino laid down with a direction 
90* from the true meridian, then this line will at the place, make a great 
circle through the point ; and a parallel of latitude, which is a small 
circle, will have a direction less than 90® or 90® minus the conv^rgency 
correction for the distance of the next point on that latitude. 

To illustrate this, imagine a parallel of latitude and at numerous 
points along it azimuths are taken. All these azimuths will converge 
and meet in a point on the earth’s axis above the pole, and the shape 
that these lines will take will be that of a cone with the parallel of 
latitude as its base. At the equator these lines would take the shape 
of a cylinder intersecting the earth at the equator. Therefore the 
convergency angle for the latitude and for a certain distance along the 
latitude must be found and subtracted from 90® to obtain the initial 
direction of the parallel of latitude. The measure or distance .taken is 
then pegged dht and another azimuth is taken^ and so ou. 


0-6745 


•3‘27SOO 

4X3 


0*6745. 
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A simpler way is as follows 


Fig. 37. 

B 





Take the spherical triangle ABO and let A 
and C, for example, be points on latitude 30« N. 
and 1® apart in longitude (1^ apart in longitude 
is equal to oO nautical miles) and a nautical 
mile is that portion of the arc of a great circle 
subtended by one minute at the centre of the 
earth on the surface of the earth at mean sea 
level. At the equator it is equal to 608.5*8 feet.* 
From B let drop a perpendicular to meet 
AO in D. Then the triangle ABD is right- 
angled at D and according to Napier's rule of 


circular parts 


Sin ( Y - A) =: tan (y - ^ *51. 

= cot d tan b 

Log cos A = log cot 60° 4* log cot 
== r7614394 
+ 3*9408584 


.) 


Log cos A = 3*7022978 
A = 89"^ 42' 39" 
and .*. C = 89" 42' 39% 

that is, a line AO laid down making an angle 89° 42' 39" with the^ true 
N. atA will pass through 0. 

Instead of finding the angle A or 0 the convergency can be found, 
vide para. 131, Part L, Survey Manual, as follows : — 

Log conv_ergency in minutes = log constant for feet + log tan 
latitude + log departure = 4*2 164, log constant. 

9*7614 log tan 30^ 

5*2607 log departure. 

log convergency = 1*2385 

convergency = 17' lO'' or angle = 90° - 0° 17' 19* = 89o 42' 4^ 
the difference of a second or so is due to the logs being taken to four 
places only, but the latter value is quite near enough as no theodolite used 
by the ordinary surveyor will read to accuracy in seconds. 

Now to compute the point D we take a as the cd-latitude of the 

middle point D and thus cos a cos 5 == sin ( ~ d) cos a = 

a * 59° 59' bb\ 

* Vide Auxiliary Tables, Survey of India, 4th Dd. 
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latitude of point D =s 0' S'", therefore the point D is 5'^ N. 
of the parallel of latitude 30®. 

Now, one minute of arc subtends 6085*8 feet as shown above 
5 seconds subtend feet, 

= 507 feet nearly, or 507 feet will be the offset south at a 
point 30 nautical miles distant from either A or 0 st 30 x 5275*11 feet 
(see next problem) = 158,253 feet along the parallel of latitude. The arc 
ADO is that of a great circle or the shortest line between^ and 0 
through D ; and in the triangle ABD, sin AD =» sin B sin d 25*98 

minutes AD in feet = 6085*8 x 25*98 158,109, The parallel of lati- 

tude thus becomes the hypotenuse, the part of the great circle the bas^ 
and the ordinate or offset 507 feet the perpendicular of a triangle. One 
or more offsets may be computed in the same manner and the remainder 
put in by interpolation of values for similar triangles. 

This method should be remembered by those called upon to lay down 
townships, canals, colonies, etc. 

In the U.S.A. the parallels are usually projected by the secant method 
and tables have been made to facilitate such work. 


119. The Nautical mile.— A nautical mile subtends, at the 


JFig* 38. 



equator, an angle of 1 minute at the 
centre of the earth or more correctly 
is a minute in arc of a great circle. 

If the mean radius* of the earth 
is 3956'46 miles we obtain the length 
of a nautical mile in feet to be 
,X 8956*46 X 5280 ^ 


ISO X 60 

nearly at mean sea level at the equator. 

If EDO (see Fig. 36) is a parallel 
of latitude and EO = R is the radius 
of the earth and EO' = r sn the radius 
of the circle EDO then r = R cos 0^ 

\ T 

^ EO=R cos latitnde or cos A= 

Now if NCA and NDB are two great circles, then the difference in loi^i- 
tnde (L) of D and C in latitude (x) is measured by the arc AB on the equator 


and 


arc DC arc AH 

.r "" K 


= circular measure of L. or arc DO = 


r X arc AB 
K 


• Tlie value of the mean radius is here ooeepted but in laying out a parallel of latitude on the surface of the 
earth the equatorial radius only must be accepted. The following values are given;— Mean semi-diameter 
^ equator « $0#2t867 feet mean semi-polar diameter * 208W477 feet mean radius = 2)890172 feet. 
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and if a;»the number of minutes in L then the distance AB^o; nautical 
miles, 

or DG=z nautical miles. 

= a; cos X nautical miles. 

Therefore a nautical mile in latitude 30°= 5264*7 feet, and thus 
when calculating the lower and upper parallels for the graticules of 
maps it will be found that the upper parallel will be shorter than the 
lower parallel for all maps projected for a graticule north of the equator 
and vice versa for south of the equator. 

Again, D and C are points situated on the same latitude (X) and 
let their difference in longitude (L) be 40° or 2,400 minutes. If a 
ship is travelling at 17 knots (17 nautical miles an hour) due west 
or east between D and 0, and if D and C were in a latitude of 50° she 

ij , , , . . 2400 X cos 50° , 

would do the journey in hours 

= 90*7 hours. 

The chord DC - 2 r sin = 2 r sin 20°. 

and chord DC= 2 R sin (where 0 = angle COD) 
and since r=R cos X 

.*. sin-^ = sin 20° cos 50° 

.•.-|' = 12° 42' 

/. 0=1,524 minutes, 

and therefore the arc OD of the great circle= 1,524 nautical miles, 
and thus if the course of the ship had been on the great circle instead 

of due east and west she would have done the journey in hours 
or 89*7 hours or one hour less. 

120. Micrometers. — The superior class of theodolites or what may 
be termed precision theodolites are fittted with micrometers instead of 
verniers. The primary limb of the theodolite is divided into degrees and 
^th of degrees or 10 minutes. The micrometer attachment consists of 
a box placed about midway between its lenses. In this box is fitted 
a ‘‘ comb ’’ as it is called with a V notch which is the index Q^reading. 
On the right hand side of the box there is a wheel which being revolved 
moves a pair of parallel wires across the field of view. One revolution 
of the wheel should move the parallel wires from one graduation on 
lihe primary scale to the next. If the value of one graduation to the 
next is 10 minutes then it can be seen that if the wheel is divided into 
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10th minutes are obtained, and if again into 6ths that 10 secs, are 
obtained and an approximation to one second is possible. 

The following will simplify matters as regards how to read the 
micrometer : — 

First focus the eye-piece so that the graduations and wires are clear 
and distinct and bring the wires to the centre of the M notch when the 
micrometer wheel if properly set should ^ad .0 ; if it does not, with 
the right hand pull out the spring button of the wheel and turn the 
wheel so that the Q _grad na.tion is opposite its own index and release 
the button, A few trials will settle this. Open the clamp screw of 
the upper plate of the theodolite and with the slow-inotion screw bring 
O'' directly in the centre of the notch. The theodolite is now reading 
0° 0' 0". Mow turn the slow-motion screw to read something more than 
0^, and say less than 0° 10 minutes, that is, the notch will be moved to the 
right of O'^. Turn the micrometer wheel by which the wires are moved 
and let the wires be placed one on each side of the graduation for 0° 
or 0® 0' whichever is the closer. Examine the micrometer wheel and 
if the index is opposite some division between 6 and 7 on the wheel 
the reading wdll he something between 0° 6' and O'^ 1\ To continue yet 
further if the index pointed midway between the 2nd and 3rd division 
beyond 6 on the micrometer wheel the reading would be 0® 6' 25'*'. 
Take another case — the notch is between the 4th and 5th division to 
the right of 265® and the micrometer wheel points to 7' 36"' ; the reading 
is therefore 265® 47' 36". 

What is known as the run of the micrometer is whether the 
wires travel from one graduation to another in exactly one revolution 
of the wheel, and this depends on the focus of the lower lens and it 
will be necessary to increase or decrease the distance by means of the 
screw and collar for that purpose till by repeated trials the run is 
adjusted. This being completed the focus on looking through the eye- 
piece will have been altered when it is necessary to adjust by sliding the 
whole attachment in its socket up and down. 

So that the two micrometers, one on each side, should differ by 
180® the comb can be moved laterally by a screw fitted for the purpose 
on one side of the box. 

The above are what might be termed permanent adjustments and 
are not often necessary, but the adjustment given earlier that of making 
the 0 of the micrometer agree with the V notch comb is easily made 
and is sometimes necessary ; the permanent adjustment of the comb for 
instance will necessitate the adjustment for the zero of micrometer wheel. 

The micrometer is much easier to read than the vernier and is less 
strain on the eye-sight, and but for its cost, its adoption would be universal. 
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